
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



A^ 



"^fSfShf^ ,,sW 







«y % 



}•♦ 



ry.r 





Digitized by 



Google 



PROCEEDINGS 



I. •♦ -v/, 



THE AMERICAN ASSOCIATION 



■OS nn 



ADVANCEMENT OF SCIENCE 



FOR THE FORTT-'FIRST MEETIKa. 



ROCHESTER, N. Y.. 



AUGUST, 1802. 



SALEM: 
PUBLISHED BT THE PERMANENT SECBETAET. C 
December, 1892. 



Digitized by 



Google 



TABLE OF CONTENTS. 



Paob 

Officers for the Rochester Meeting • • • • xl 

Council for the Bochester Meeting • xil 

Local Committees for the BochoBter Meeting ....••• xiil 

SpecialCommittees of the Association • xv 

Officers elected for the Madison Meeting xviil 

Meetings and Officers of the Amer. Association of Geologists and Naturalists xix 

Listof Association Meetings; number of members xx 

Officersof the American Association for the Advancement of Science • xxl 

Act of Incorporation xxix 

Constitution • xxx 

Patrons of the Association xxxix 

Corresponding Members xxxix 

Members . • . • xxxix 

Honorary Fellows Ixx 

Fellows Ixx 

Deceased Members xc7 

IN GENERAL SESSIONS. 

ADDRB88 BT ALBBBT B. PBESOOTT, THB BBTIBINO PBBSIDBNT ... I 

SECTION A. MATHEMATICS AND ASTRONOMY. 

Officers of Section A le^ 

ADDBE88 OF VlOB PBBSIDBNT, J. B. EASTMAN • . IfJ 

On the imaginary of algebra. By A. Macfablanb . - . . . sa 
The spectroheliograph of the Kenwood astro-physical observatory, Chicago, 

and results obtained in the study of the sun. By Gbobob B. Halb . 65 
Models and machines for showing curves of the third degree. By Andbbw 

W. Phillips 66 

Least square fallacies. By Tbuman Hbnbt Saffobd 07 

Lineo-linear vector functions. By Arthub S. Hatha wat 68 

Concerning a congruence-group of order, 360 contained in the group of linear 

firactlonal substitutions. By E. Hastings Moobb 62 

The secular motion of a tree magnetic needle. By L. A. Baubb (Title) . . 68 

European observations. By J. A. Bbabheab (Title) 63 

On the conflict of observation with theory, as to the earth's rotation. By S. C. 

Chandleb (Title) 68 

Latitude of the Sayre Observatory. By Prof. C. L. Dooltctlb (Title) . • 63 

(111) 



Digitized by 



Google 



CONTEMT8. V 

Paob 
On the ooDBtancy of volame of Iron in strong magnetic fields. By Frank P. 

Whitman 88 

Some dFfliculties in the T^esage-Thomson gravitation-theory. By J. E. Olivbb 88 
A mechanical model of electromagnetic relations. By A. E. Dolbbab (Ti- 
tle) 9d 

On the mechanics of the three states of aggregation. By Gustatub Hinrichs. 

(Title) I 90 

The ocular spectrum. By Geo. W. Hollbt (Title) 00 

On the sensitiveness of photographic plates. By G. W. Hough (Title) • 90 

Infinence of the moon on the rainfall. By Mansfield Mbrriman (Title) . 90 

Description of a contrivance for the study of color perception at definite dis- 
tances. By Chablbs E. Ouver (Title) . . . ^ . . . 90 
A photographic method of mapping the magnetic field. By C. B. Thwino 

(Title) 90 

On the mechanical and physical means of aSrial transit without a propeller. 

By David P. Todd (Title) 90 

Note on the magnetic disturbances, caused by electric railways. By Frank P. 

Whitman (Title) 90 

SECTION C. CHEMISTRY. 

Ofllcers of Section C 92 

Address of Yiob Prbbidbnt, Alfbed Spbingeb 9S 

The influence of ammonia on amorphous substances to induce crystallization. 

By B. Goldsmith 105 

Trimethyl*xanthin and its derivatives. By MOSBS Gombebo .... 107 

An efliBctive condenser for volatile liquids and for water-analysis. By W. A. 

Notes 108 

Di-ethyl-carbinamin and its conduct towards nitrous acid. By W. A. Notes. 109 

On the decomposition of acetone with concentrated snlftiric acid. By W. R. 

Obndorff 109 

The lodomercurates of organic bases. By Albebt B. Pbesoott ... Ill 
The enzymes or soluble ferments of the hog-cholera germ. By E. A. de 

Schwbinitz Ill 

Note on the efliect of fertilizers upon the Juice of the sugar-cane. By Clinton 

P. Townsend 112 

Some points in connection with the composition of honey. By H. W. Wilbt 113 

A method of polarimetric observation at low temperatures. By H. W. Wilet 113 

The albuminoids of maize. By Georob Archbold (Title) .... 114 
A select bibliography of chemistry. By U. Carrinoton Bolton (Title) . lU 
Copper sulfate as a material fbr standardizing solutions. By Edward Hart 

(Title) - . . . . 114 

On the mechanical determination of the stereographic constitution of organic 

compounds. By Gustavus Hinrichs (Title) 114 

Presentation of samples fVom the salt mines of New York. By S. A. Latti- 

MOBB (Titled 114 

Effect of sedimentation upon self-purification of running streams. By Wm. 

P. Mason (Title) 114 



Digitized by 



Google 



Tl COITTENTS* 

Pagv 
Post-mortem Imbibition of arsenic. By W. P. Mason (Title) . • • . 114 

The TMlaeofa water analysis. By W. P. Mason (Title) 115 

Itacolnmite finom North Carolina. By Lausa Osborhb Talbott (Title) • lift 

Notes on a bibliography of mineral waters. By Alfsbd Tuckbbxan (Tille) lift 
Tenth annual report of the Committee on Indexing Chemioal Literature • . lift 

SECTION D. MECHANICAL SCIENCE AND ENGINEERING. 
Officers of Section D • • 131 

ADDRB88 OF YlOB PBB8IDBMT. JOHN B. JOHNBON ISft 

Method of measuring the loss of power by drop of pressure between oyHn. 

ders in multiple cylinder engines. ByJ.E. Dbntom .... 18S 

Steam economy of the engines of the screw feny boat Bremen, ^y J. K. 

Denton and D. S. Jacobus 13S 

Measurement of total heats of combustion. By D. 8. Jacobus ... Iftft 

Use of anemometers for measuring the Telocity of air in flumes. By D. S. 

JACOBUS 187 

Belative economy of a single cylinder air compressor with cooling by a spray 
of water and the present economy of the compound compressors at Qual 
de la Gare, Paris. By Fbbd. Tatlor Gausb •••••• 188 

Bending teste of timber, etc. By J. Burkiti' Wbbb 188 

Description of a transmission dynamometer (model ezUbited). By O. W. 

Hough 141 

Negative specific heat. By De Yolson Wood • 142 

Becent resnlte of municipal ownership of gas works in the United States. 

By Edward W. Bsins MS 

Eztensometer for measuring distortion of specimens under test. Instrument 

exhibited. By J. B. Johnson (Title) 14ft 

Peculiar visible strain in steel when tested in tension compression and cross- 
breaking. Exhibition of specimens and photographs. By J. B. John- 
SON (Title) 14ft 

Exhibition and description of combined yard and metre standard bar. By 

William A. Roobrs (Title) * 14ft 

Investigation of a twenty ^ne Ibet precision-screw. By Wiluam A. Booers 

(Title) 14S 

A new window-ventilating appliance. By A. M. Bosebruoh (Tlt)e) . US 

On the use of long steel-tapes in measuring base lines. By B. S. Wood- 
ward (Title) 146 

SECTION E. GEOLOGY AND GEOGRAPHY. 

Officers of Section E IIS 

Address of Vice President, Henrt S. Williams 149 

Submarine valleys on continental slopes. By Warren Upham • • • 171 

Terminal moraines in New England. By 0. H. Hitchcock . • • • 178 

Kxtra-morainic drift in New Jersey. By Albert A. Wright . • . 175 

Notes bearing upon changes in the pre-glacial drainage of western Illinois 

and eastern Iowa. By Frank Lbverbtt 176 



Digitized by 



Google 



OONTBKTS. Vii 

Paob 

An episode in the history of the Cuyahoga river. By E. W. Clatfolb • 176 

Some problems of the Mesabi iron ore. , By N. H. Winchsll • • • 176 

The Cenosoic beds of the staked plains of Texas. By E. D. Cofb ... 177 

On a new form of Marsapialia flrom the Laramie formation. By B. D. Cops 177 

Paleobotany of the yellow gravel at Bridgeton, N. J. By Arthur Holuok 177 
Exhibition of Gaelph fossils found in Bochester, N. T. By Albert L. Aret 

(Title) 178 

Cerro Vlejo and its cones of volcanic ejeota and extension in Nicaragua. By 

John Crawford (Title) 178 

The mathematics of mountain sculpture. By Ybrplanok CoLvnr (Title) 178 
Recent geological explorations in Mexico. By Bobrrt T. Hill (Title) • 179 
The volcanic craters of the United States. By Bobbrt T. Hill (Title) . 179 
The homolaxic relations of the North American lower cretaceous. By Bob- 
brt T. Hill (Title) 179 

The American mastodon in Florida. By John Kost (Title) .... 179 
The mining, metallurgical, geological, and mineralogical exhibits to be shown 

at the World's Columbian Exposition. By Gborob F. Kumz (Title) . 179 

Pleistocene geography. By W J MoGeb (Title) 179 

Distribution of the Lafayette formations. By W J MoGbb (Title) . . 179 

SECTION F. BIOLOGY. 

Officers of Section F . . . 182 

ADDRB88 OF YlGB PRBSIDBNT, SIMON HBNRT GAOB IBS 

A preliminary account of the brain of Diemyctylns virldesoens, based upon 

sections made through the entire head. By Susakna Phblps Gagb 197 
On the digestive tract of some North American ganoids. By G. S. Hopkins 197 
The *' maxillary tentacles" of Pronuba. By John B. Smith .... 198 
The descent of the Lepidoptera. An application of the theory of natural se- 
lection to taxonomy. By John Henrt Comstock 199 

An interesting case of parasitism. By Albbrt H. Tuttlb .... 201 

On the adult cestodes of cattle and sheep. By C. W. Stiles .... 201 
The production of immunity in guinea pigs Trom hog cholera by the use of 

blood serum flrom immunized animals. By E. A. dbSohwbinitz . 201 
Preliminary note on the anatomy of the Urodele brain as excmplifled by Des- 

mognathus fVisea. By Pibrrb A. Fish (Title) 202 

The animal parasites of dogs. By £. W. Dorak (Title) 202 

The insect fauna of the Mississippi bottoms. By H. E. Weed (Title) . • 202 

On Carphoxera ptelearia, the new herbarium pest. By C. V. Bilbt (Title) • 202 
Biological notes on the fknna of (^Id Spring Harbor. By C. W. Haroitt 

(Title) 202 

Notes on some ft^sh-water moUusks. By W. H. Beaughamp (Title) . . 202 

On two embryo chicks in a single blaatoderm. By Bobbrt W. Moodt (Title) 202 

Heredity of acquired characters. By Manlt Miles 202 

On the supposed correlations of quality in flmits — a study in evolution. By 

L. H.BAILBT 211 

The significance of oleistogamy. By Thomas Mbbh an • . • . • 211 

The fertilisation of pear flowers. By M. B. Waitb •••••• 212 



Digitized by 



Google 



Tiii OONTXNTS. 

Pagb 
Germination at Intenralfe of seed treeted with ftansrioides. By W. A. Kbllsx- 

XAK SIS 

The fertilisation Of the llg and oaprlfloatioo. B7C.T. Rilbt • • • . tl4 

Notes on self-pollination of the grape. B7S. A.Bbaob S16 

Adaptations of plants to external enTlronment. By Wiluax P. Wilson 216 

The comparative influence of odor and color of flowers in attractteg inseots. 

By GBOBGB B. SUDWORTH 916 

A comparatiTe stndy of the roots of Banunonlaeea. By V. B. Maxwbll 917 

The root«ystem of Hlkanla scandens L. By W. W. Bowlbb ... 217 

Geographic relationship of the flora of the high Sierra Nevada^ California. 

By FRBDBBICK TBIUION COTILLB 918 

Charaoteristios and adaptations of desert Tegetation. By Fbbdbbick Tbb- 

konCoyillb . . .' 919 

Kotes on a monograph of the North American species of licspedesa. By N. 

L.Bbittob 919 

Notes on Bannnculns repens and ito eastern North American alllea. By N. L. 

BSITTON ' • 919 

Preliminary comparison of the Hepatic flora of boreal and sob-boreal re- 
gions. By LUOIBM HABCU8 UMDBBWOOD 919 

A study of the relative lengths of the sheaths and Intemodes of grasses A>r 

the purpose of determining to what extent this Is a reliable speciflo 

character. By Wm. J. Bbal 920 

Pleospora of Tropnolam mi^Qs* By Btron D. Halstbd • . . . 921 

Secondary spores of Anthracnoses. By Btbo9 D. Halstbd ... 921 

A bacterium of Phaseolus. By Btbon D. Halstbd ...... 221 

Non-parasitic bacteria in vegetable tissue. By H. L. Russbll ... 922 
Bacteriological investigation of marine waters and the sea floor. By H. L. 

Russbll 223 

On the value of wood ashes In the treatment of peach yellows. By Erwin 

F.SMITH - . . . . 224 

On the value of superphosphates and muriate of potash In the treatment of 

peach yellows. By Erwin F. Smith 226 

How the application of hot water to seed increases the yield. By J. C. Ab- 

THI7R 226 

Notes on maize. By Oborob Macloskib (Title) ....... 227 

Spikes of wheat bearing abnormal spfteleta. By W. J. Bbal (Title) . . 927 

Adaptation of seeds to facilitate germination. By W. W. Bowlbb (Title) 927 
Note on the yellow pitch-plne, Finns rigida Mills, var. lutea, n. v. By W. A. 

Kbllerman (Title) 997 

Do Termites cultirate Fungi? ByO.F. Cookb (Title) 927 

Notes on Daucus carota. By (^arlbs W. Haroiit (Title) . . . 227 
Conditions that determine the distribution of bacteria in the water of a river. 

By Jambs H. Stollxr (Title) 227 

Variation in native ferns. By W. M. Bbaughamp (Title) 227 

Sketch of flora of Death Valley, California. By Frbdbbick V. Covillb 

(Title) - . . . 237 

Live-for-evereradicatedbyafhngonBdiaease. By D. F. Fairchild (Title) 228 



Digitized by 



Google 



Z 00MTEKT8. 

PAOB 

Eyldencesofprehlstorlc trade Id OnWfo. By G. A. Hirsohfbldbr . . 290 

Obfiervatloiis upon Fort Ancient, Ohio. By Sbldbm S. Sooyillb ... S80 
Singular copper implements and ornaments from the Hopewell group, Ross 

county, Ohio. By W. K. Moorehead 881 

The rnins of southern Utah* By Warbbn K. Moobbhbad 991 

A few psychological inquiries. By Laura Osbornb Talbott .... 89A 
Demonstration of a recently disoovered cerebral porta. By Chab. Porter 

Hart I . . 896 

Pueblo myths and ceremonial dances. By Frank H. Cushino (Title) . . 896 
An ancient hearth in the stratified gravels of the banks of the Whitewater 

river, In d. By Amos W. Butler (Title) , . 896 

Exhibition of a skull of a pig, found in Ohio, having a flint arrowhead imbedded * 

in the bone. By E. W. Clatpolb (Title) 896 

Plan ofthe ruins of Tiahuanaco. By A. B. Douglass (Title) . . • • 896 

Involuntary movements. By Joseph Jastrow (Title) 297 

Exhibition of pottery Arom a mound on the banks of the Illinois river, near 

Peoria, 111. ByJ.KosT (TiUe) • • • SS7 

A definition of anthropology. By Otis T. Mason (Title) 897 

The department of Ethnology of the World's Columbian Exposition. By F. W. 

Putnam (Title) 297 

Exhibition of a model of the serpent mound of Adams Co., Ohio. By F. W. 

Putnam (Title) 897 

Beportofcommlttee on International Congress of Anthropology . • • 897 

SECTION I. ECONOMIC SCIENCE AND STATISTICS. 

Ofllcers of Section I 800 

Address OF Vice Pbbsidbnt, Lester F. Ward ....... 801 

Competition and combination in nature. By Hbnrt Farquhab ... 82S 

The standtod of deferred payments. By Edward A. Boss .... 826 

Economic conditions antagonistic to a conservative forest policy. By B. E. 

Fbrnow 829 

Some statistics of the salvation army. By Chas. W. Smilbt . . .886 

Outline of statute to promote works of philanthropy, instruction, scientific re- 
, search, embellishment and memorial arts within states, and also to regu- 
late the succession of estates of deceased persons and to tax inheritances 

thereof in certain cases. By B. T. Colburn ... ... 886 

The labor problem in America. By Bobbrt H. Crafts (Title) ... 836 
Movement of duties and prices in the United States since 1889. By Hbnrt 

Farquhar (Title) 836 

EXECUTIVE PROCEEDINGS. 

Report of the General Segretart 837 

Report of thb Permanent Segretart • • 864 

Cash account 870 

INDEX. 



Digitized by 



Google 



MEMBERS OF THE COUNCIL 

TOR THB 

ROCHESTER MEETING. 



P<i8t PreBidenU. — James D. Dana of New Haven ; James Haix of Al- 
bany; J. S. Newberry of New York; B. A. Gould pf Cambridge; Simon 
Newcomb of Washington; O. C. Marsh of New Haven; George F. Bar- 
ker of Philadelphia ; George J. Brush of New Haven; J. W. Dawson 
of Montreal; C. A. Young of Princeton; J. P. Lesley of Philad^hia; 
H. A. Newton of New Haven; Edward S. Morse of Salem; S. P. Lang- 
ley of Washington; J. W. Powell of Washington; T. C. Mendenhall 
of Washington; George L. Good ale of Cambridge; Albert B. Pres- 
COTT of Ann Arbor. 

Vice-Presidents of the Last Meeting,^^. W. Hyde of Cincinnati ; F. E. 
NiPHRR of St. Louis; R. C. Kedzie of Agricultural College, Micliigan; 
Thomas Gray of Terre Hante; J. J. Stevenson of New York; J. M. 
Coulter of Crawf ordsville ; Joseph Jastrow of Madison; Edmund J. 
Jamks of Philadelphia. 

Officers of the Present Meeting.— J osR^a LeConte of Berkeley ; J. R. 
Eastman of Washington ; B. F. Thomas of Columbus ; Alfred Springer 
of Cincinnati; John B. Johnson of St. Louis; H. S. Williams of Ithaca; 
S. H. Gage of Ithaca; W. H. Holmes of Washington; Lester F. Ward, 
of Washington ; F. W. Putnam of Cambridge ; Amos W. Butler of Brook- 
ville; T. H. Norton of Cincinnati; Winslow Upton of Providence; 
Brown Aykrs of New Orleans; J. L. Howe of Louisville; Olin H. 
Landreth of Nashville ; R. D. Salisbury of Madison; Byron D. Hal- 
sted of New Brunswick; W. M. Beauch amp of Bald wins ville, N. V; 
Henry Farquhar of Washington, William Lilly of Mauch Chunk. 

From the Association at Large.— A fellow elected from each section. — 
(The following hold over until their successors are chosen), G. W. 
Hough, Evanston, 111. (A) ; W. A. Rogers, Waterville, Me. (B) ; Wm. 
L. Dudley, Nashville, Tenn. (O) ; S. W. Robinson, Columbus, O. (D) ; 
C. H. Hitchcock, Hanover, N. H. (B) ; Thomas Morong, New York, af- 
ter Aug. 21, A. H. TuTTLE, Univ. of Virginia (P) ; Daniel G. Brinton, 
Philadelphia, Pa. (H) ; Manly Miles, Lansing, Mich. (I). 
(xii) 



Digitized by 



Google 



SPECIAL COMMITTEES OF THE ASSOCIATION.' 



1. Auditors. 
Thomas Meehan, Gennantown. | B. A. Gk>ULD, Cambridge. 

2. Honorary Agent of Transportation to act with the Local Committees. 
Hbnbt GiKNETTi WaahingtOQ. 



H. CARBiMOToy BoLToy, New York, 
F. W. Clarke, Washington, 
A. B. hKBSM, Hoboken, 



Committee on Indexing Chemical Literature. 

A. A. JULisy, New York, 
J. W. Lakolet, Pittsburgh, 
A. B. PBS8GOTT, Ann Arbor. 



ALVBBD TUCKERMAN, Newport. 

4. Committee to apply to Congress for a Reduction of the Tariff on 

Scientific Books and Apparatus. 

B. D. Cope, Philadelphia, | J.B. E^sniAy, Washington, 

8. A. FOBBB8, Champaign. 

5. Committee to memorialize Congress to take steps for the Preservation 

of Arcfueologic Monuments on the public lands. 
AUOB C. Flbt€heb, Cambridge, | Matilda C. Stetensok, Washington. 



6. Committee on Water Analysis, 

G. C. Caldwell, Ithaca, 

J. A. MTEB8, Agricultural Coll., Miss., 

B. B. Wabdbs, Washington, 



J. W. Lanolet, Ann Arbor, 

W. P. Mason, Troy, 

W. H. Seaman, Washhigton. 



7. Committee on the Maintenance of Timberlands and on the Development 

of the Natural Resources of the Country. 
T. C. Mendbnhall, Washington, i C. B.Bessbt, Lincoln, 

B. W. HiLOABD, Berkeley, I B. E. Fbrnow, Washington, 

WiLLLAM Saunders, Ottawa. 

1 All Committees are expeeted to present their reports to the Council not later than 
the fourth day of the meeting. Committees sending their reports to the Permanent 
Seoretary one month before a meeting can have them printed for use at the meeting. 

(XV) 



Digitized by 



Google 



XVi SPECIAL COMICITTEES OF THB A880CIATIOK. 

8. CommtUee to secure an American Table at the InternationcA Marine 
Biological Station at Naples, Italy, 

C. W. Stilbs, Washington, I B. 8. Mobse, Suleni, 

E. D. COPB, Philadelphia, W. B. Dudlbt, Palo Alto. 



9. Committee on Biological Nomenclature. 

Gbosos L. GOODAE.B, Cambridge, | C. 8. MiiroT, Bottoa, 

J. M. CouLTBR, CrawfordBTille, i Thbodorb Gill, Waahlngton. 

8. H. Gaqb, Ithaca. 



10. Committee on Standards for Astronomical and Physical UnUs, 



8. P. Lanolbt, Washington, 
E. C. PiGKBRiNO, Cambridge, 
T. C. Mbwdbmhall, Wa8hlBgton« 
W. B. Wabnbr, Cleveland, 



G. N. 8ABOMirLLBB, Washington. 
WiLUAM HARKNB88, Washington, 
J. A. Brashbab, Pittsbarg* 
Alvin G. Clark, Cambridge. 



1 1 . Committee on the Endowment of Beseareh I^Lnd. 
JOHN A. Brabhbar, Pittsburgh, 8ectlon ▲, Chairman, 
Frahcis B. Niphbr, 8t. Louis, ** B, 

8. A. Latitmorb, Bochester, ** O. 

R. H. THURSTON, Ithaca, •< D, 

John J. 8tbtbnson, New York, " 10, 

C. y. RiLBT, Washington, *< F, 

- a, 

Thomas Wilson, Washington, ** H« 

Edmund J. Jambs, Philadelphia, *< I. 



12. Committee to confer with the Director-General of the World's Colum^ 
bian Ea^ffosition to secure special headquarters during the ETcposition 
for the sciences represented by the nine sections of the Association. 

THB NINB SBORBTARIBS of THB SECTIONS FOB THB MBBTINO OF 1888. 



13. Committee on a Table at the proposed Marine Biological 
Station at Jamaica, 

A. H. TUTTLB, UniT. of Virginia, i B. D. Halstbd, New Brunswick, 

B. 8. Morse, Salem, I C. W. Stilbs, Washington, 

N. L. BRinoN, New York. 



14. Committee on the Preservation of the Ancient Earthworks near 
Anderson, Indiana. 
W. H. Holmes, Washington, i O. T. Mason, Washington, 

F. W. Putnam, Cambridge, I D. G. Brinton, Philadelphia, 

A. W. Butlbb, BrookTille. 



Digitized by 



Google 



SPECIAL COHKITTEES OF THB ASSOCIATION. XVn 

15. Committee of the Sections to eodperate wUh the World's Congress 
Auxiliary of the World^s Cotumbian Exposition for the holding of 
International 8cienti/ic Congresses during the Exposition. 

SECTION A.— SiuoN Nbwooxr, WaBhIngton; H. A. NsWTOir, New Havea; E. C. 
PiCKBRiNQ, 'Cambridge; 3- P' LANOLsr, Washington; R. S. WoOD- 
wiRD, WashingtoD; T. H. Safvord, WUliamstown; S. C. CBAyDLER, 
Cambridge. 

SECTION B.— T. C. Mbndenhall, Washington; H. S. Carhart, Ann Arbor; B. H. 
Nichols, Ithaca; H. A. Bolawd, Baltimore; A. A. Miohblson, Chi- 
cHgo; JoHK Trowbridor, Cambridge; C. F. Braokbtt, Princeton. 

SECTION C— Ira Ukmskx, Bnltimore; Lbwib M. Norton, Boston; B. W. Morlbt, 
Cleveland; Albbrt B. Prb800TT» Ann Arbor; Bdoar F. Smith, 
. Philadelphia. 

SECTION D.^B. L. Cokthbll, Chicago; J. B. Dbntoic, Hoboken; Bekbt B. 
TowNB, Stamford; B. H. Thurston, Ithaca; BRNSSUnrB Wiluams, 
ChiCMgo. 

SECTION B.— T. C. CHAHBBRLAiir, Chicago; G. K. Qilbbrt, Washington ; H. S. Wil- 
UAM8, New Hayon; J. C. Brannbr, Menio Park; B. D. Salisburt, 
Beloit; C. A. WaU30tt, Washington; J. F. Whitbatbs, OCUwa; B. A. 
Smith, University of Alabama; W. H. Winchell, Minneapolis; 6. H. 
W1LUAM8, Baltimore; W J McGbb, Washington. 

SECTIONS F and G.— S. U. Gaob, Ithaca; B. D. Halstbd, New Brunswick; Uenrt 
F. 08B0RN, New York; Cha8. B. Bb88bt, Lincoln ; L. O. Howard, 
Washington; F. V.Covillb, Waiihlngton. 

SECTION H.-D. G. Brikton, Philadelphia; F. W. PUTNAM, Cambridge; W. H. 
HOMIB8, Washington ; Fbbdbrick Starr, Chicago; Josbpb Ja8TROW, 
Madison. 

SECTION I.-BDWARDATKTN80N, Boston; B. W. Bbmis, Chicago; W. H. Brewbr, 
New Haven; S.Dana Hobton, Poneroy; Edmund J. Jambs, Phila- 
delphia; Lkstbu F. Ward, Washington; Carroll A. Wright, Wash- 
ington. 
These several sab-committees have the power to fill vaoaaoiea and to add to their 

numbers. 
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XX 









MBMBBRS 


KUMBBR OV 


MSBTIlfOfl. 


PLAOB. 


DATE. 


IMATTBKD- 
ANCB. 


1IBMBBB8. 


1. 


Fhlladelphla 


Sept. 20, 1848 


? 


461 


2. 


Cambridge 


Aug. 14,1849* 


? 


540 


8. 


Charleston 


Mar. 12, 1850 


? 


088 


4. 


New HaTen. 


Aug. 19, 1860 


? 


704 


6. 


Cincinnati 


May 6, 1851 


87 


800 


6. 


Albany 


Aug. 19, 1851 


194 


769 


7. 


Cleveland 


July 28, 1868 


? 


940 


8. 


Washington 


April 26, 1864 


168 


1004 


9. 


FroTidence 


Aug. 15, 1855 


166 


605 


10. 


2nd Albany 


Aug. 20. 1856 


881 


728 


11. 


Montreal 


Aug. 18,1857 


861 


946 


19. 


Baltimore 


April 28, 1858 


190 


908 


18. 


Springfield 


Aug. 8,1859 


190 


868 


14. 


Newport 


Aug. 1. 1860 


185 


644 


18. 


Btiflklo 


Aug. 15, 1866 


79 


687 


16. 


Burlington 


Aug. 21,1867 


78 


415 


17. 


Chicago 


Aug. 6,1868 


859 


686 


18. 


Salem 


Aug. 18, 1809 


844 


511 


19. 


Troy 


Aug. 17. 1870 


188 


036 


SO. 


Indianapolis 


Aug. 16» 1871 


196 


668 


21. 


Dnbnqne 


Aug. 15, 1871 


164 


610 


82. 


Portland 


Aug. 20. 1878 


196 


670 


23. 


Hartford 


Aug. 12,1874 


884 


788 


24. 


Detroit 


Aug. 11, 1876 


165 


807 


85. 


2nd Buffalo 


Aug. 28, 1876 


815 


867 


.26. 


Nashville 


Aug. 89, 1877 


178 


953 


27. 


St. Louis 


Aug. 81, 1878 


184 


968 


28. 


Saratoga 


Aug. 87, 1879 


856 


1030 


.29. 


Boston 


Aug. 25, 1880 


997 


1555 


80. 


2nd Cincinnati 


Aug. 17, 1881 


500 


1699 


81. 


2nd Montreal 


Aug. 28, 1888 


987 


1922 


.82. 


Minneapolis 


Aug. 15, 1883 


888 


2033 


.83. 


ted Philadelphia 


Sept. 8, 1884 


1861* 


1961 

• 


.84. 


Ann Arbor 


Aug. 26, 1865 


864 


1056 


.86. 


8d Buffiilo 


Aug. 18. 1886 


445 


1886 


.86. 


New York 


Aug. 10,1887 


789 


1966 


87. 


8nd Cleveland 


Aug. 14, 1888 


848 


1964 


88. 


Toronto 


Aug. 26, 1889 


424 


1952 


89. 


2d Indianapolis 


Aug. 19,1890 


864 


1944 


40. 


2d Washington 


Aug. 19,1881 


658t 


2054 


41. 


Boohester 


Aug. 17, 1898 


456 


2037 


42. 


Madison 


Aug. 17, 1896 







♦Including members of the British Association and other foreign gueats, 
tlnclading twenty-four foreign Honorary members for the meeting. 
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OFFICERS OF THE MEETINGS OF THE ASSOCIATION. 



[The nnmber before the name is that of the meeting ; the year of the 
meeting follows the name ; the asterisk after a name indicates that the 
member is deceased.] 

PRESIDENTS. 



7. 

8. 

9. 
10. 
11, 



13 
14. 

15 
16. 
17. 
18. 
19. 

20. 
21. 
22. 
23. 
24. 
25. 
26. 



W. C. Bbdfibld,* 1848. 

Joseph Hrnby,* 1849. 
4, 5. A. D. BachEi* March meet- 
ing, 1850, in absence of Jo- 
seph Hknbt. Angnst meet- 
ing, 1850. May meeting, 1851. 

Louis Agassiz,* Angnst meet- 
ing, 1851. * . 
' (No meeting in 1852). 

Benjamin Pierce,* 1853. 

James D. Dana, 1854. 

John Torrey,* 1856. 

Jambs Hall, 1856. 
.12. Alexis Caswell,* 1857, in 
place of J. W. Bahjby, de- 
ceased. 1858, in absence of 
Jeffries Wyman. 

Stephen Alexander,* 1859. 

Isaac Lea,* 1860. 

(No meetings for 1861-65). 

F. A. P. Barnard,* 1866. 

J. S. Newberry, 1867. 

B. A. Gould, 1868. 

J. W. Foster,* 1869. 

T. Sterry Hunt,* 1870, in the 
absence of Wm.Chauvenet. 

Asa Gray,* 1871. 

J. Lawrence Smith*, 1872. 

Joseph Loyering,* 1873. 

J. L. LeConte,* 1874. 

J. E. HiLOARD,* 1875. 

Wiluam B. Rogers,* 1876. 
Simon Newgomb, 1877. 



27. 


0. C. Marsh, 1878. 


28. 


G. F. Barker, 1879. 


29. 


Lewis H. Morgan,* 1880. 


30. 


G. J. Brush, 1881. 


31. 


J. W. Dawson, 1882. 


32. 


C. A. Young, 1883. 


33. 


J. P. Lesley, 1884. 


34. 


H. A. Newton, 1886. 


35. 


Edward S. Morse, 1886. 


36. 


S. P. Langley, 1887. 


37. 


J. W. Powell, 1888. 


38. 


T. C. Mendenhall, 1889. 


89. 


G. Lincoln Goodalk, 1890. 


40. 


Albert B. Presoott, 1891. 


41. 


Joseph LeConte, 1892. 


42. 


Wiijxam Harkness, 1893. 



(«*) 
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OFFICBB8 OF THE MEETIN08 OF THE ASSOCIATION. 



xxm 



Vice-Pbesidbnts OF Sections, 1882- 



Section A.— Mathematics and 






Astronomy, 


31. 


31. 


W. A. RoOKRS, 1882, in the 


32. 




absence of William Habk- 


33. 




NESS. 


34. 


32. 


W. A. Rogers, 1883. 




33. 


H. T. Eddy, 1884. 


35. 


84. 


WiLUAM Harknbss, 1885, in 


36. 




the absence of J. M. Van 


37. 




Vlkck. 


38. 


36. 


J. W. GiBBS, 1886. * 


39. 


36: 


J. R. Eastman, 1887, in place 


40. 




of W. Ferrbl, resigned. 


41. 


37. 


Ormond Stone, 1888. 


42. 


38. 


R. S. Woodward, 1889. 




39. 


S. C. Chandlkk, 1890. 




40. 


E. W. Hyde, 1891. 




41. 


J. R. Eastman, 1892. 




42. 


C. L. Doolittle, 1893. 





Section C^ — ChemiUry, 
H. C. Bolton, 1882. 
E. W. Moblky, 1883. 
J. W. Langley, 1884. 
N. T. LuPTON, 1885, in absence 

of W. R. NiCHOi^. 
H. W. Wiley, 1880. . 
A. B. Phescoit, 1887. 
C. E. MuNKOE, 1888. 
W. L. Dudley, 1889. 
R. B. Warder, 1890. 
R. C. Kkdzie, 1891. 
Alfred Springer, 1892. 
Edward Hart, 1893. 





Section B.— Physics. 


Seaion D.-^Mechanical Science 


81. 


T. C. Mendenhall, 1882. 




and Engineering. 


32. 


H. A. Rowland, 1883 


31. 


W. P. Trowbridge,* 1882. 


33. 


J. Trowbridge, 1884. 


32. 


DeVoi^son Wood, 1883, ab- 


34. 


S. P. Langley, 1886, in place 




sent, but place was not filled. 




of C. F. Brackb'ST, resigned. 


33. 


R. H. Thurston, 1884. 


35. 


C. F. Bbackett, 1886. 


34. 


J. BcRKiTT Webb, 1886. 


36. 


W. A. Anthony, 1887. 


35. 


0. Chanute, 1886. 


37. 


A. A. Michelson, 1888. 


36. 


£. B. CoxE, 1887. 


38. 


H. S. Carhart, 1889. 


37. 


C. J. H. Woodbury, 1888. 


39. 


Clkvkland Abbk, 1890. 


38. 


James E. Denton, 1889. 


40. 


F. E. NiPHER, 1891. 


39. 


James E. Dknton. 1890.' 


41. 


B. F. Thomas, 1892. 


40. 


Thomas Gray, 1891. 


42. 


E. L. Nichols, 1893. 


41. 


J. B. Johnson, 1892. 






42. 


S. W. Robinson, 1893. 
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XXIV 



OFFICERS OF THE MSSTIK09 OF THE ASSOCIATION. 



Yicb-Prbsidickts of SacnoKs, ooktinukd. 



Section E.^Qtology and Oeography, 



81. 


E. T. Cox, 1882. 


81. 


82. 


C. H. Hitchcock, 1883. 


88. 


83. 


N. H. WiNCHELL, 1884. 


83. 


84. 


Edwabd Orton, 1885. 


84. 


$5. 


T. C. Chambkrlin, 1886. 




86. 


G. K. Gilbert, 1887. 


85. 


87. 


George H. Cook,* Idsa 


86. 


88. 


Charles A. White, 1889. 


87. 


89. 


John C. Branker, 1890. 


98, 


40. 


J. J. Stevenson, 1891. 


89. 


41. 


H. 8. Williams, 1892. 


40. 


42. 


Chasucs D. Walcott, 1898. 


41. 
42. 



Sedion J7. — Anihropology. 
Alexander Wikchell,* 188^. 
Ons T. MASf>N, 1888. 
Edward S. Morse, 1884. 
J. OwRN Dorset, 1885, in ab- 
sence of W. H. Dall. 
Horatio Hale, 1886. 
D. G. Brinton, 1887. 
Charles C. Abbott, 1888. 
Garrick Mallert, 1889. 
Frank Baker, 1890. 
Joseph Jastrow, 1891. 
W. H. Holmes, 1892. 
J. Owen Dorset, 1893. 



81. 
82. 
83. 
84. 

85. 
86. 
87. 
88. 
89. 
40. 
41. 

42. 



81. 
82. 
83. 
34. 



42. 



Section F,—BioloffP' 
W. H. Dall, 1882. 
W. J. Bkal. 1883. 
E. D. Cope, 1884. 
T. J. Burkul, 1885, in the ab- 
sence of B. G. Wilder. 
H. P. Bowditch, 1886. 
W. G. Farlow, 1887. 
C. V. RiLKY, 1888. 
George L. Goodale, 1889. 
C. S. MiNOT,.189a 
J. M. Coulter, 1891. 
S. H. Gaob, 1892. 

Section F.— Zodloff^. 
Henry F. Osborn, 1898. 



Sedion O.—JHicrogcop^. 
A. H. Tttttle, 1882. 
J. D. Cox. 1883. 
T. G. WORMLEY, 1884. 
S. H. Gage, 1885. 
Section united with F in 1886. 

Section G.^Botanp. 
Charles £. Bessey, 1893. 



Section L—Economic Science and 

Statistics. 
81. E. B. Eluott,* 1882. 
32. Franklin B. Hough,* 1888. 
83. John Eaton, 1884. 

34. Edward Atkinson. 1885. 

35. Joseph Cubbings,* 1886. 

86. H. E. Alvord, 1887. 

87. Charles W. Smiley, 1888. 

88. Charles S. Hill, 1889. 

89. J. Richards Dodge, 1890. 

40. Edmund J. James, 1891. 

41. Lester F. Ward, 1892, In 

place of S. Dana Horton, 
resigned. 

42. William H. Brewer, 1893. 
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CONSTITUTIOH. XXXlll 

Art. 15, The Treasarer shall invest the funds received by him in snch 
securities as may be directed by the CoanclU He shall annually present 
to the Council an account of the funds !n his charge. No expenditure of 
the principal in the hands of the Treasurer shall be made without a unan- 
imous vote of the Council, and no expenditure of the income received by 
the Treasurer shall be made without a two-thirds vote of the Council. 

Art. 16. The Secretaries of the Sections shall keep the records of their 
respective sections* and, at the close of the meeting, give the same, includ- 
ing the records of subsections, to the General Secretary. They shall also 
be the Secretaries of the Sectional Committees. The Secretari es shall have 
seniority In order of their continuous membership in the Association. 

Art. 17. In case of a vacancy in the office of the President, one of the 
Vice Presidents slrnll be elected by the Council as the President of the meet- 
ing. Vacancies in the offices of Vice President, Permanent Secretary, 
General Secretary, Secretary of the Council, and Treasurer, shall be filled 
by nomination of the Council and election by ballot in General Session. 
A vacancy in the office of Secretary of a Section shall be filled by nomi« 
nation and election by ballot in the Section. 

Art. 18. The Council shall consist of the past Presidents, and the Vice 
Presidents of the last meeting, together with the President, the Vice Pres- 
idents, the Permanent Secretary, the General Secretary, the Secretary of 
the Council, the Secretaries of the Sections, and the Treasurer of the cur- 
rent meeting, with the addition of one fellow elected from each Section 
by iMillot on the first day of its meeting. The members present at any reg- 
ularly called meeting of the Council, provided there are at least five, shall 
form a quorum for the transaction of business. The Council shall meet 
on the day preceding each annual meeting of the Association, and arrange 
the programme for the first day of the sessions. The time and place of 
this first meeting shall be designated by the Permanent Secretary. Unless 
otherwise agreed upon, regular meetings of the Council shall be held in 
the council room at 9 o'clock, a. m., on each day of the meeting of the 
Association. Special meetings of the Council may be called at any time 
by the President. The Council shall be the board of supervision of the 
Association, and no business shall be transacted by the Association that 
has not first been referred to, or originated with, thejCouncil. The Coun- 
cil shall receive and assign papers to the respective sections ; examine and, 
if necessary, exclude papers; decide which papers, discussions and other 
proceedings shall be published, and have the general direction of the pub- 

A. ▲. A. S. VOL. xu o 
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coNSTrronoK. xxxv 

Art. 23. Immediately on the organization of a Section there shall be 
three fellows elected by ballot after open nomination, who, with the Vice 
President and Secretary and the Vice President and Secretary of the 
preceding meeting shall form its Sectional Committee. The Sectional 
Committees shall have power to fill vacancies in their own numbers. 
Bleetings of the Sections shall not be held at the same time with a General 
Session. 

Art. 24. The Sectional Committee of any Section may at its pleasure 
form one or more temporary Subsections, and may designate the officers 
thereof. The Secretary of a Subsection shall, at the close of the meeting, 
transmit his records to the Secretary of the Section. 

Art. 25. A paper shall not be read in any Section or Subsection until 
it has been received from the Council and placed on the programme of the 
day by the Sectional Committee. 

Sectional Committees. 

Art. 26. The Sectional Committees shall arrange and direct the busi- 
ness of their respective Sections. They shall prepare the daily pro- 
grammes and give them to the Permanent Secretary for printing at the 
earliest moment practicable. No titles of papers shall be entered on the 
daily programmes except such as have passed the Council. No change 
shall be made in the programme for the day in a Section without the con- 
sent of the Sectional Committee. The Sectional Committees may refuse 
to place the title of any paper on the programme ; but every such title, 
with the abstract of the paper or the paper itself, must be .returned to the 
Council with the reasons why it was refused. 

Art. 27. The Sectional Committees shall examine all papers and ab- 
stracts referred to the sections, and they shall not place on the programme 
any paper inconsistent with the character of the Association ; and to this 
end they have power to call for any paper, the character of which may not 
be sufficiently understood from the abstract submitted. 

Papers and Communications. 
Art. 28. All members and fellows must forward to the Permanent 
Secretary, as early as possible, and when practicable before the convening 
of the Association, full titles of all the papers which they propose to pre- 
sent during the meeting, with a statement of the time that each will oc- 
cupy In delivery, and also such abstracts of their contents as will give a 
general Idea of their nature ; and no title shall be referred by the Council 
to the Sectional Committee until an abstract of the paper or the paper it- 
self has been received. 
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Art. 29. If the author of any paper be not ready at the time assigned, 
the title may be dropped to the bottom of the list. 

Art. 30. Whenever practicable, the proceedings and discussions at 
Gteneral Sessions, Sections and Subsections shall be reported by profes- 
sional reporters, but such reports shall not appear in print as the official 
reports of the Association unless revised by the Secretaries. 
Printed Proceedinqs. 

Art. 31. The Permanent Secretary shall have the Proceedings of each 
>meeting printed in an octavo volume as soon after the meeting as possible, 
^ginning one month after adjournment. Authors must prepare their 
l>apers or abstracts ready for the press, and these must be in the liands of 
the Secretaries of the Sections before the final adjournment of the meeting, 
'Otherwise only the titles will appear in the printed- volume. The Council 
«hall have power to order the printing of any paper by abstract or title 
•only. Whenever practicable, proofs shall be forwarded to authors for 
revision. If any additions or substantial alterations are made by the 
author of a paper after its submission to the Secretary, the same shall be 
distinctly indicated. Illustrations must be provided for by the authors of 
the papers, or by a special appropriation from the Council. Immediately 
on publication of the volume, a copy shall be forwarded to every member 
and fellow of the Association who shall have paid the assessment for the 
dmeeting to which it relates, and it shall also be offered for sale by the Per- 
onanent Secretary at such price as may be determined by the CounciL The 
Council shall also designate the institutions to which copies shall be dis- 
tributed. 

Local CoMMrrrEE. 

Art. 82. The Local Committee shall consist of persons interested in 
the objects of the Association and residing at or near the place of the 
proposed meeting. It is expected that the Local Committee, assisted by 
the officers of the Association, will malce all essential arrangements for 
the meeting, and issue a circular giving necessary particulars, at least one 
month before the meeting. 

Library op the Association. 
Art. 33. All books and pamphlets received by the Association shall be 
in the charge of the Permanent Secretary, who shall have a list of the 
same printed and shall furnish a copy to any member or fellow on appli- 
cation. Members and fellows who have paid their assessments in full 
shall be allowed to call for books ancl pamphlets, which shall be delivered 
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to them at their expense, on their giving a receipt agreeing to make good 
any loss or damage and to return the same free of expense to the Secre- 
tary at the time specified in the receipt given. All books and pamphlets 
in circulation must be returned at eac]^ meeting. Not more than five books, 
Including volumes, parts of volumes, and pamphlets, shall be held at one 
time by any member or fellow. Any book may be withheld from circu- 
lation by order of the Council. 

Admission Fee and Assessments. 

Art. 84. The admission fee for members shall be five dollars in addi- 
tion to the annual assessment. On the election of any member as a fellow 
an additional fee of two dollars shall be paid. 

Art. 85. The annual assessment for members and fellows shall be three 
dollars. 

Art. 86. Any member or fellow who shall pay the sum of fifty dollars 
to the Association, at any one time, shall become a Life Member and as 
such shall be exempt from all further assessments, and shall be entitled 
to the Proceedings of the Association. All money thus received shall be 
Invested as a permanent fund, the income of which, during the life of the 
member, shall form a part of the general fund of the Association; but, 
after his death, shall be used only to assist in original research, unless 
otherwise directed by unanimous vote of the Council. 

Art. 87. All admission fees and assessments must be paid to the Per- 
manent Secretary, who shall give proper receipts for the same. 

Accounts. 
Art. 88. The accounts of the Permanent Secretary and of the Treas- 
urer shall be audited annually, by Auditors appointed by the Council. 

Alterations of the CoNSTrruTiON. 
Art. 89. No part of this Constitution shall be amended or annulled, 
without the concurrence of three-fourths of the members and fellows 
present in General Session, after notice given at a General Session of a 
preceding meeting of the Association. 
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MEMBERS. Zli 

Bartley, Ellas H., M.D., 21 Lafayette Ave., Brooklyn, N. T. (83). O 

Baskervllle, Charles, Univ. of North Carolina, Chapel Hill. N. C. (41). O 

Bass, Win. H., 893 College Ave., Indianapolis* Ind. (39). D 

Bastln, Edson Sewell, 8880 S. Park Ave., Chicago, 111. (89;. 

Bates, Wm. W., Com. of Navigation, Washington, D. C. (88). 

Baasch, Henry, P. O. Drawer 1088, Rochester, N. Y. (41). 

Baxter, James N., care H. E. and C. Baxter, cor. Division and Bedford Sts., 

Brooklyn, N. Y. (36). 
Beach, Spencer Ambrose, N. Y. Experiment Station, Geneva, N. Y. (41). 

F 
Beall, Fielder M. M., Lient. U. S. A., Auditorium Building, Chicago, 

III. (40). 
Bean, B. A., Ass't Curator, Dept. of Fishes, National Museum, Washing- 
ton, D. C. (40). P 
Bean, Thos. E., Box 441, Galena, III. (28). F 
Beaver, Daniel B. D., M.D., 160 North 6Lh St., Readina:, Pa. (39). 
Bechdolt, AdolphusF., Supt. City Schools, Mankato, Minn. (32). B B F 
Becher, Franklin A., 406 Irving Place, Milwaukee, Wis. (41). I 
Bedell, Frederick, 118 Elm St., Montclair, N. J. (41). B A 
Bkll, C. M., M.D., 820 Fifth Ave., New York, N. Y. (36). 
Belt, R. v., 1314 10th St., N. W., Washington, D. C. (40). 
Bemis, Edward W., Assoc. Prof, of Economics, Univ. of Chicago, 

Chicago, ni. (41). I 
Benner, Henry, N. W. University, Evaiiston, 111. (40). A 
Bennett, Charles M., Logansport, Ind. (39). 
Benton, George W., High School, Indianapolis, Ind. (89). O 
Berry, Daniel. M.D., Carmi, White Co., III. (41) BOB 
Bcveridge, David, Room 1141, The Rookery, Chicago, 111. (88). I 
Biddle, James G., 924 Chestnut St., Philadelphia, Pa. (39). 
Blen, Julius, 140 Sixth Ave., New York, N. Y. (34). B H 
Bigelow, Mlt<s Clarissa, Kalama^^o. Mich. r89). A 
Blggar, Hamilton F., M.D., 176 Euclid Ave., Cleveland, Ohio (40). B F 
Bigney, Prof. A. J., Johns Hopkins Univ., Baltimore, M^l- (40). F 
Blrdsall, Miss Louise W., 105 E. 87th St., New York, N. Y. (37). P E 
Biscoe, Prof. Thomas Dwight, 404 Front St., Marietta, Ohio (41). 
Bishop, Hkbkr R., Mills Building. New York, N. Y. (86). 
Blair, Mrs. Eliza N., 213 E. Capitol St., Washington, D. C. (40). 
BUtchford, Eliphalet W., 876 No. La Salle St..Chicago, 111. (17). F 
Blatchley, Willis S., Terre Haute, Ind. (39). F 

Bleile, Albert M.,M.D., 342 S. Fourth St., Columbus, Ohio (87). F 
Blish, W. G., Niles, Mich. (83). B D 

Blount, Henry F., University Park, Washington, D. C. (82). I B 
Blount, Mrs. Lucia E., Univ. Park, Washington, D. C. (34). H I 
Boardman, William Dorr, 88 Kenilworth St., Roxbury, Mass. (88). B 
Bogue, Rev. Horace P. V., Avon, N. Y. (41). H I 
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unite, how many ethers it can make into carbonates, into what 
classes of molecules a certain larger fragment of carbonic acid can 
be formed, the incomplete records of these things already run 
through a great many volumes. Tliese carboxylic bodies are open 
to productive studies, stimulated by various sorts of inquiry and 
demands of life. Such have been the gatherings of research. They 
have been slowly drawn into order, more slowly interpreted in 
meaning. The advance has been constant, deliberate, sometimes 
in doubt, always persisting and gradually gaining firmer ground. 
So chemistry has reached the period of definitio7U Its guiding theory 
has come to be realized. 

''The atomic theory" has more and more plainly appeared to be 
the central and vital truth of chemical science. As a working 
hypothesis it has directed abstruse research through difficult ways to 
open accomplishment in vivid reality. As a system of knowledge, 
it has more than kept pace with the rate of invention. As a 
philosophy, it is in touch with profound truth in physics, in the 
mineral kingdom, and in the functions of living bodies. As a lan- 
guage it has been a necessity of man in dealing with chemical 
events. Something might have been done, no doubt, without it, 
had it been possible to keep it out of the chemical mind. But 
with a knowledge of the primary elements of matter, as held at the 
beginning of this century, some theory of chemical atoms was inev- 
itable. And whatever theory might have been adapted, its use in 
investigation would have drawn it with a certainty into the essen- 
tial features of the theory now established. It states the consti- 
tution of matter in terms that stand for things as they are made. 
The mathematician may choose the ratio of numerical notation, 
whether the ratio of ten or some other. But the chemist must 
find existing ratios of atomic and molecular mass, with such degree 
of exactness as he can attain. Chemical notation, the index of the 
atomic system, is imperfect, as science is incomplete. However 
defective, it is the resultant of a multitude of facts. The atomic 
theory has come to be more than facile language, more than lucid 
classification, more than working hypothesis, it is tJie definition of 
the knoion truth in the existence of matter. 

The chemical atom is known, however, for what it does, rather 
than for what it is. It is known as a center of action, a factor of 
influence, an agent of power. It is identified by its responses, 
and measured by its energies. Concealed as it is, each atom has 
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given proof of its own part in the structure of a molecule. Proofs 
of position, not in space but in action, as related to other atoms, 
have been obtained by a multitude of workers with the greatest 
advantage. The arrangement of the atoms in space, however, is 
another and later question, not involved in the general studies of 
structure. But even this question has arisen upon its own chemical 
evidences, for certain bodies, so that '*the configuration" of the 
molecule has become an object of active research. 

Known for what it does, the atom is not clearly known for what 
it is. Chemists, at any rate, are concerned mainly with what can 
be made out of atoms, not with what atoms can be made of. What- 
ever they are, and by whatever force or motion it is that they unite 
with each other, we define them by their effects. Through their 
effects they are classified in the rank and file of the periodic system. 
The physicists, however, do not stop short of the philosophical 
study of the atom itself. As a vibratory body its movements have 
been under mathematical .calculations ; as a vortex ring its pulsa- 
tions have been assumed to agree with its combining power. As 
an operating magnet its interaction with other like magnets has 
been predicated as the method of valence. There are, as I am di- 
rectly assured, physicists of penetration and prudence now looking 
with confidence to studies of the magnetic relations of atoms to 
each other.^ Moreover, another company of workers, the chemists 
of geometric isomerism, assume a configuration of the atoms, in 
accord with that of the molecule. 

The stimulating truth of the atomic constitution of the molecule, 
a great truth in elastic touch with all science, excites numerous 
hypotheses, which, however profitable they may be, are to be stout- 
ly held at a distance from the truth itself. Such are the hypothe- 
ses of molecular aggregation into crystals and other mineral forms. 
Such are the biological theories of molecules polymerizing into cells, 
and of vitality as a chemical property of the molecule. Such are 
the questions of the nature of atoms, and the genesis of the ele- 
ments as they are now known, questions on the border of meta- 
physics. Let all these be held distinct from the primary law of the 
atomic constitution of simple molecules in gaseous bodies, an es- 
sential principle in an exact science. The chemist should have the 



1 «The results of molecalar physios point uamisCakably to the atom as a magnet, in 
its ctiemical acttrities.'*— A. B.Dolbear, in a personal oonrniuuication. 
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comfortable assurance, every day, as be plies bis balance of pre- 
cision, tbat tbe atom-made molecules are there, in tbeir several ra- 
tios of quantity, bowever many unsettled questions may lie around 
about them. Knowledge of molecular structure makes chemistry 
a science, nourishing to tbe reason, giving dominion over matter, 
for beneficence to life. 

Every chemical pursuit receives strength from every advance in 
the knowledge of tbe molecule. And to this knowledge, none the 
less, every chemical pursuit contributes. Tbe analysis of a min- 
eral, whether done for economic ends or not, may furnish a distinct 
contribution toward atomic valence. The further examination of 
steel in the cables of a suspension bridge is liable to lead to unex- 
pected evidence upon polymeric unions. Rothamsted farm, where 
ten years is not a long time for the holding of an experiment, yields 
to us a classic history of tbe behavior of nitrogen, a history from 
which we correct our theories. The analysis of butter for its sub- 
stitutes has done something to set us right upon the structure of 
tbe glycerides. Clinical inspection of tbe functions of tbe living 
body fain finds a record of molecular transformations too difficult 
for the laboratory. The efforts of pharmaceutical manufacture 
stimulate new orders of chemical combination. The revision of 
the pharmacopoBia every ten years points out a humiliating num- 
ber of scattered errors in the published constants on which science 
depends. The duty of the engineer, in his scrutiny of the quality 
of lubricating oils, brings a more critical inquiry into tbe laws of 
molecular movement. There is not time to mention the many pro- 
fessions and pursuits of men who contribute toward the principles of 
chemistry and bold a share therein. If it be the part of pure sci- 
ence to find the law of action in nature, it is the part of applied 
science both to contribute facts and to put theory to the larger 
proof. In the words of one who has placed industry in tbe great- 
est of its debts to philosophic research, W. H. Perkin, "There is 
no chasm between pure and applied science, they do not even stand 
side by side, but are linked together." So in all branches of chem- 
istry, whether it be termed applied or not, the best workers are 
the most strongly bound as one, in their dependence upon what is 
known of the structure of the molecule. 

Studies of structure were never before so inviting. In this di- 
rection and in that especial opportunities appear. Moreover the 
actual worker here and there breaks into unexpected paths of 
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promise. Certainly the sugar group is presenting to the chemist 
an open way from simple alcohols on through to the cell substances 
of the vegetable world. And nothing anywhere could be more 
suggestive than the extremely simple unions of nitrogen lately dis- 
covered. They are likely to elucidate Unkings of this element in 
great classes of carbon compounds, all significant in general chem- 
istry. Then certain comparative studies ha^e new attractions. 
As halogens have been upon trial side by side with each other, so 
for instance, silicon must be put through its paces with carbon, 
and phosphorus with nitrogen. Presently, also, the limits of mo- 
lecular mass, in polymers and in unions with water, are to be 
nearer approached from the chemical side, as well as from the side 
of physics, in that attractive but perplexing border ground between 
affinity and the states of aggregation. 

Such is the extent and such the diversity of chemical labor at 
present that every man must put limits totherange of his study. The 
members of a society or section of chemistry, coming together to 
hear each other's researches, are better able, for the most part, to 
listen for instruction than for criticism. Still less prepared for hasty 
judgment are those who do not come together in societies at all. 
Even men of eminent learning must omit large parts of the sub- 
ject, if it be permitted to speak of chemistry as a single subject. 
These considerations admonish us to be liberal. When metallur- 
gical chemistry cultivates skepticism as to the work upon atomic 
closed chains, it is a culture not the most liberal. When a dev- 
otee of organic synthesis puts a low value upon analytic work, he 
takes a very narrow view of chemical studies. When the chemist, 
who is in educational service, disparages investigations done in in- 
dustrial service, he exercises a pitiful brevity of wisdom. 

The pride of pure science is justified in this, that its truth is for 
the nurture of man. And the ambition of industrial art is honored 
in this, its skill gives strength to man. It is the obligation of sci- 
ence to bring the resources of the earth, its vegetation and its an- 
imal life, into the full service of man, making the knowledge of 
creation a rich portion of his inheritance, in mind and estate, in 
reason and in conduct, for life present and life to come. To know 
creation is to be taught of Grod. 

I have spoken of the century of beginning chemical labor, and 
have referred to the divisions and specialties of chemical study. 
What can I say of the means of uniting the earlier and later years 
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of the past, as well as the separated pursuits of the present, in one 
mobile working force ? Societies of science are among these means, 
and it becomes us to magnify their office. For them, however, 
all that we can do is worth more than all we can say. And there 
are other means, even more effective than associations. Most nec- 
essary of all the means of unification in science is the use of its 
literature. 

It is by published communication that the worker is enabled to 
begin, not where the first investigation began, but where the last 
one left off. The enthusiast who lacks the patience to consult 
books, presuming to start anew all by himself in science, has need 
to get on faster than Antoine L. Lavoisier did when he began, 
an associate of the French Academy in 1768. He of immortal 
memory, after fifteen eventful years of momentous labor, reached 
only such a combustion of hydrogen as makes a very simple class 
experiment at present. But however early in chemical discovery, 
Lavoisier availed himself of contemporaries. They found oxygen, 
he learned oxidation : one great man was not enough, in 1774, both 
to reveal this element and show what part it takes in the forma- 
tion of matter. The honor of Lavoisier is by no means the less 
that he used the results of others^ it might have been the more had 
he given their results a more explicit mention. Men of the larg- 
est original power make the most of the results o'f other men. 
Discoverers do not neglect previous achievement, however it may 
appear in biography. The masters of science are under the limi- 
tations of their age. Had Joseph Priestley lived in the seventeenth 
century he had not discovered oxygen. Had August Kekul6 
worked in the period of Berzelius, some other man would have set 
forth the closed chain of carbon combination, and Eekul6, we may 
be snre^ would have done something else to clarify chemistry. 
Such being the limitations of the masters, what contributions can 
be expected in this age from a worker who is without the literature 
of his subject? 

In many a town some solitary thinker is toiling intensely over 
some self-imposed problem, devoting to it such sincerity and 
strength as should be of real service, while still he obtains no rec- 
ognition. Working without books, unaware of memoirs on the 
theme he loves, he tries the task of many with the strength of one. 
Such as he sometimes send communications to this association. 
An earnest worker, his utter isolation is quite enough to convert 



Digitized by 



Google 



8 ADDRESS BT 

him into a crank. To every solitary investigator I should de- 
sire to say, get to a library of your subject, learn how to use its 
literature, and possess yourself of what there is on the theme of 
your choice, or else determine to give it up altogether. You may 
get on very well without college laboratories, you can survive it 
if unable to reach the meetings of men of learning, you can do 
without the counsel of an authority, but you can hardly be a contrib- 
utor in science except you gain the use of its literature. 

First in importance to the investigator are the original mem- 
oirs of previous investigators. The chemical determinations of the 
century have been reported by their authors in the periodicals. The 
serials of the years, the continuous living repositories of all chemis- 
try, at once the oldest and the latest of its publications, these must 
be accessible to the worker who would add to this science. A library 
for research is voluminous, and portions of it are said to be scarce, 
nevertheless it ought to be largely supplied. The laboratory itself 
is not more important than the library of science. In the public 
libraries of our cities, in all colleges now being established, the 
original literature of science ought to be planted. It is a whole- 
some literature, at once a stimulant and a corrective of that im- 
pulse to discovery that is frequent among the people of this coun- 
try. That a good deal of it is in foreign languages is hardly a 
disadvantage; there ought to be some exercise for the modern 
tongues that even the public high schools are teaching. That the 
sets of standard journals are getting out of print is a somewhat 
infirm objection. They have no right to be out of print in these 
days when they give us twenty pages of blanket newspaper at 
breakfast, and offer us Scott's novels in full for less than the cost 
of a day's entertainment. As for the limited editions of the old 
sets, until reproduced by new types, they may be multiplied through 
photographic methods. When there is a due demand for the orig- 
inal literature of chemistry, a demand in accord with the prospec- 
tive need for its use, the supply will come, let us believe, more 
nearly within the means of those who require it than it now does. 

What I have said of the literature of one science can be said, in 
the main, of the literature of the other sciences. And other things 
ought to be said, of what is wanted to make the literature of sci- 
ence more accessible to consulting readers. A great deal of in- 
dexing is wanted. Systematic bibliography, both of previous and of 
current literature, would add a third to the productive power of a 
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large number of workers. It would promote common acquaintance 
with the original communications of research, and a general de- 
mand for the serial sets. Topical bibliographies are of great serv- 
ice. In this regard I desire to ask attention to the annual re- 
ports of the committee on Indexing Chemical Literature, in this 
association for nine years past, as well to recent systematic un- 
dertakings in geology, and like movements in zoology and other 
sciences. Also to the Index Medicns, as a continuous bibliogra- 
phy of current professional literature. 

Societies and institutions of science may well act as patrons to 
the bibliography of research, the importance of which has been 
recognized by the fathers of this Association. In 1855, Joseph 
Henry, then a past president of this body, memorialized the Brit- 
ish Association for cooperation in bibliography, offering that aid 
of the Smithsonian Institution which has so often been afforded to 
publications of special service. The British Association appointed 
a committee, who reported in 1857, after which the undertaking 
was proposed to the Royal Society. The Royal Society made an 
appeal to her Majesty's government, and obtained the necessary 
stipend. Such was the inception of the Royal Society Catalogue 
of scientific papers of this century, in eight quarto volumes, as 
issued in 1867 and 1877. Seriously curtailed from the generous 
plan of the committee who proposed it, limited to the single fea- 
ture of an index of authors, it is nevertheless of great help in lit- 
erary search. Before any list of papers, however, we must place 
a list of the serials that contain them, as registered by an active 
member of this Association, an instance of industry and critical 
judgment. I refer to the well-known catalogue of scientific and 
technical periodicals, of about five thousand numbers, in publica- 
tion from 1665 to 1882, together with the catalogue of chemical 
periodicals by the same author.^ 

Allied to the much needed service in bibliography, is the service 
in compilation of the Constants of Nature. In the preface of his 
dictionary of solubilities, in 1856, Professor Storer said ^'that chem- 
ical science itself might gain many advantages if all known facts 
regarding solubility were gathered from their widely scattered orig- 
inal sources into one special comprehensive work." That the time 

^ Bolton'8 Catalogue of Scientiflc and Technical Peiiodioals (1886: Smifehsonian) 
omits the serials of the societies, as these are the subject of Soudder's Catalogue of 
Scientiflc Serials (1879 : Hanrard Univ.)* On the contrary Bolton's Catalogue of Chem- 
ical Periodicals (1886: N. T. Acad. Sci.) includes the publications of societies as weU 
as other serials. Chemical technology is also represented in the last named work. 
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of the philosophical study of solution was near at hand has been 
verified by recent extended monographs on this subject. In like 
manner Thomas Carnelley in England, and early and repeatedly 
our own Professor Clarke in the United States,^ bringing multitudes 
of scattered results into coordination, have augmented the powers 
of chemical service. 

What bibliography does for research, the Handworterbuch does 
for education, and for technology. It makes science wieldy to the 
student, the teacher, and the artisan. The chief dictionaries of 
science, those of encyclopedic scope, ought to be provided gener- 
ally in public libraries, as well as in the libraries of all high schools.^ 
The science classes in preparatory schools should make an acquaint- 
ance with scientific literature in this form. If scholars be assigned 
exercises which compel reference reading, they will gain a begin- 
ning of that accomplishment too often neglected, even in college, 
how to use books. 

The library is a necessity of the laboratory. Indeed, there is 
much in common between what is called the laboratory method, 
and what might be called the library method, in college training. 
The educational laboratory was instituted by chemistry, first tak- 
ing form under Liebig at Giessen only about fifty years ago. Ex- 
perimental study has been adopted in one subject after another, 
until, now, the 'laboratory method" is advocated in language and 
literature, in philosophy and law. It is to be hoped that chem- 
istry will not fall behind in the later applications of ''the new ed- 
ucation" in which she took so early a part. 

The advancement of chemical science is not confined to discov- 
ery, nor to education, nor to economic use. All of those interests 
it should embrace. To disparage one of them is injurious to the 
others. Indeed, they ought to have equal support. It would be 
idle to inquire into their respective advantages. This much, how- 
ever, is evident enough, chemical work is extensive and there is 
immediate want of it. 

^ The lenrice of compilation of this nbaracter ii again indicated by this extract fH>m 
Clarke's introduction to the first edition of his "Constants'' (1873): "While engaged 
upon the study of some interesting points in theoretical chemistry, the compiler of tbe 
following tables had occasion to make /Vequent refbrence to the then existing lists of 
specific gravities. None of these, however, were complete enoagh. . • ." 

> The statistics of school libraries in the United States are very meagi-e, tbe expendi- 
tures for them being Included with that for apparatus. For libraries and apparatus of 
all common schools, both primary and secondary, the annual expenditure Is set at 
$967,048, which is about 8even«tenths of one per cent of the total expenditure for these 
schools. 
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Various other branches of science are held back by the delay of 
chemistry. Many of the material resources of the world wait upon 
its progress. In the century Just before us the demands upon the 
chemist are to be much greater than they have been. All the in- 
terests of life are calling for better chemical information. Men 
are wanting the truth. The biologist on the one hand, and the 
geologist on the other, are shaming us with interrogatories that 
ought to be answered. Philosophy lingers for the results of molec- 
ular inquiry. Moreover the people are asking direct questions 
about the food they are to eat, or not to eat, asking more in a day 
than the analyst is able to answer in a month. The nutritive 
sources of bodily power are not safe, in the midst of the reckless 
activity of commerce, unless a chemical safeguard be kept, a guard 
who must the better prepare himself for his duty. 

Now if the people at large can but gain a more true estimation 
of the bearing of chemical knowledge, and of the extent of the 
chemical undertaking, they will more liberally supply the sinews 
of thorough-going toil. It must be more widely understood that 
achievements of science, such as have already multiplied the hands 
of industry, do not come by chances of invention, nor by surprises 
of genius. It must be learned of these things that they come by 
breadth of study, by patience in experiment, and by the slow ac- 
cumulations of numberless workers. And it must be made to ap- 
pear that the downright labor of science* actually depends upon 
means of daily subsistence. It must be brought home to men of 
affairs, that laboratories of seclusion with delicate apparatus, that 
libraries, such as bring all workers together in effect, that these 
really cost something in the same dollars by which the products of 
industrial science are measured. Statistics of chemical industry 
are ofben used to give point to the claims of science. For instance 
it can be said that this country, not making enough chemical wood 
pulp, has paid over a million dollars a year for its importation. 
That Great Britain pays twelve millions dollars a year for artificial 
fertilizers, from without. That coal tar is no longer counted a by- 
product, having risen in its value to a par with coal gas. But these 
instances, as striking as numerous others, still tend to divert at- 
tention from the more general service of chemistry as it should be 
known in all the economies of civilization. 

It is not for me to say what supplies are wanted for the work of 
chemists. These wants are stated, in quite definite terms, by a 
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say, by creating a committee to receive endowments for the support 
of research. 

There are men and women who have been so far rewarded, Ihat 
great means of progress are in their liands, to be vigorously held 
for the best advantage. Strength is reqaired to use large means, 
as well as to accumulate them. It is inevitable to wealth, that it 
shall be put to some sort of use, for without investment it dies. 
By scattered investment wealth loses personal force. The Amer- 
ican Association, in the conservative interests of learning, pro- 
poses certain effective investments in science. If it be not given 
to every plodding worker to be a promoter of discovery, such at 
all events is the privilege of wealth, under the authority of this 
Association. If it be not the good fortune of every investigator to 
reach knowledge that is new, there are, every year, in every sec- 
tion of this body, workers of whom it is clea.r that they would 
reach some discovery of merits if only the means of work could be 
granted them. Whosoever supplies the means fairly deserves and 
will receive a share in the results. It is quite with justice that the 
name of Elizabeth Thompson, the first of the patrons, has been 
Associated with some twenty-one modest determinations of merit 
recognized by this Association. 

"To procure for the labors of scientific men increased facilities" 
is one of the constitutional objects of this body. It is time for ef- 
fectiveness towards this object. The Association has established 
its character for sound judgment, for good working organization, 
and for representative public interest. It has earned its responsi- 
bility as the American trustee of undertakings in science. 

"To give a stronger . . . impulse ... to scientific 
research" is another declaration of what we ought to do. To this 
end larger endowments are necessary. And it will be strange if 
some clear-seeing man or woman does not put ten thousand dollars, 
or some multiple of it, into the charge of this body for some search- 
ing experimental inquiry now waiting for the material aid. The 
committee upon endowment is ready for consultation upon all re- 
quired details. 

**To give . • . more systematic direction to scientific re- 
search" is likewise stated as one of our objects. To this intent 
the organization of sections affords opportunities not surpassed. 
The discussions upon scientific papers give rise to a concord of com- 
petent opinions as to the direction of immediate work. And ar- 
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rangements providing in advance for the discussion of vital ques- 
tions, as formally moved at the last meeting, will in one way or 
andther point out to suitable persons such lines of labor as will in- 
deed give systematic direction to research. 

In conclusion I may mention another, the most happy of the 
duties of the American Association. It is to give the hand of hos- 
pitable fellowship to the several societies who year by year gather 
with us upon the same ground. Comrades in labor and in refresh- 
ment, their efforts reinforce us, their faces brighten our way. May 
they join us more and more in the companionship that sweetens 
the severity of art. A meeting of good workers is a remembrance 
of pleasure, giving its zest to the aims of the year. 
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THE NEGLECTED FIELD OF FUNDAMEIH'AL ASTBONOMT. 



If a comparison were instituted between the position of the 
modem astronomer and that of his prototype, on the plains of 
Chaldea, it would not be altogether to the disadvantage of the 
ancient student of the heavens. He stood at the gateway of the 
unexplored Uranian mysteries, unfettered by the dogmatic theories 
of a long line of predecessors. From his own imagination he con- 
structed hypotheses and theories, with no feeling of uncertainty 
about the priority of invention and with little anxiety concerning 
the agreement of theory and observation. The modern questions 
that distract the astronomical world had no place among the 
thoughts that disturbed the tranquillity of his soul. He had not 
reached that critical epoch when he must choose between the ''old"* 
and the ''new" astronomy; and he was free from the harassing per- 
plexity that besets the luckless astronomer of this age who seeks 
to learn the mysteries of the moon's motion, or strives to formulate 
the cause and the law of the variation in the terrestrial latitude. 
The iniquitous behavior of the astronomical clock and level, com- 
bined with the possible, but unknown, influences of temperature, 
were not then in league to vex his waking hours and fill his dreams 
with illusory solutions that ever floated Just beyond his grasp. He 
was not obliged to search the ancient records in musty volumes and 
strain the limits of conjecture in the interpretation^of careless obser* 
vations and imperfect memoranda : — in short, he was a happy man, 
free to work in any direction, and not liable to be called upon from 
time to time to amuse or to instruct his fellows, or even to weary 

A. A. A. S. VOL. XLI. 2 (17) 
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them, with prosy discourse on his own work or a stale r£smn6 
of astronomical progress. 

Unfortunately for us, we live in an age where astronomy is no 
longer a simple subject, stimulating the imagination by the nightly 
display of stellar and planetary glories and inyolving in its study 
only the elements of geometrical analysis. Within the last fifty 
years the science has been separated into many divisions; and 
within a few years several of these branches have assumed new 
phases. As a result of this continued division, the range of study 
and investigation has spread beyond the efficient grasp of any in- 
dividual and specialists are rising up in all directions. 

It has been the custom for the presiding officer of this section to 
present, on the first day of the annual session, an address setting 
forth either the progress in general astronomy or in some branch 
of the science, or the history or development of some department of 
mathematics ; each confining himself to his own special branch of 
scientific work. 

It has seemed to me that a formal statement, to this section, of 
the general progress of astronomy within the last year or the last 
decade would be to lay before you a mass of data with which you 
are already familiar. This view of the case has led me to attempt 
the presentation of the importance of one branch of astronomical 
work, in which for several years I have taken a deep personal in- 
terest, and which, owing to the present tendency towards special- 
ization, is likely to suffer from serious neglect. 

It is not many years since we first heard of the distinction be- 
tween the "old" and the "new" astronomy, but in the comparative- 
ly short interval since those terms were first used, the scope of 
Physics has so expanded in all directions'^ and so adapted itself to 
its new surroundings, that we find it, in one department at least, 
casting aside its former title and masquerading under the name of 
Astronomy. That this departure has quickened the zeal of many 
students, stimulated the development of numerous and valuable 
modes of research and resulted in grand and important discoveries 
is one of the most gratifying scientific facts of this epoch. The di- 
rection of this new movement has followed rigorously the line of 
least resistance. Except in rare instances, that line of work which 
promises the quickest returns, in the proper form for publication, 
is most attractive to the young student of Physics and Astronomy, 
and the comparatively inexpensive apparatus required for the sim- 



Digitized by 



Google 



ADDRESS BT J. R. EASTMAN. 19 

pier astro-physical work is apt to lead him in that direction. The 
new and important changes that have been wrought within a few 
years in the methods of teaching and in the laboratory work in Phy- 
sics, together with the apparent ease with which an account of a few 
hours' labor with the spectroscope or camera may be spread attract- 
ively over several printed pages, have doubtless had their influence 
in leading the candidates for honors into the new fields of astro- 
physical research. 

The advance in the development of methods of research and 
the improvements in apparatus are so rapid, while the field is so 
broad and increasing, that constant vigilance is necessary to keep 
even in touch with the progress of the "new" astronomy. One of 
the most striking examples of the achievements in this new line of 
work has resulted, from a skilful combination of the spectroscope 
and the camera, in the determination of stellar motion in the line 
of sight with a remarkable linear exactness. 

The limits of this address would scarcely sufi3ce simply to name 
the problems now under discussion, by the more modem methods, 
without essaying even a cursory review of their importance or their 
bearing on current scientific investigation; — and yet, from the 
true astronomical point of view, all these questions are at least 
secondary to the fundamental problems of finding the true position 
of the solar system in the stellar universe and determining the rela- 
tive positions and motions of those stars that, within the range of 
telescopic vision, compose that universe. 

To this latter phase of our science I ask your attention for a few 
minutes. These problems still lie at the foundation of the "old" 
astronomy and cannot be relegated to the limbo of useless rubbish 
or to the museum of curious relics, not even to make room for the 
newborn astro-physics. On this foundation must rest every astro- 
nomical superstructure that hopes to stand the tests of time and of 
observation, and the precision of the future science depends rigor- 
ously upon the accuracy with which this groundwork is laid. 

This work was begun in the sixteenth century but, in spite of all 
the improvements in apparatus and in methods of analysis and 
research, a really satisfactory result has not yet been reached. 

There is no more fascinating phase of the evolution of human 
thought and skill in the adaptation of means to ends than is found 
in the development of the mathematical and instrumental means 
for the determination of the positions and motions of the bodies 
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included in the solar system. Accuracy in astronomical methods 
and results did not exist, even approximately, until after the re- 
vival of practical astronomy in Europe about the b^inning of the 
sixteenth century ; and, before the end of that period, the crude 
instruments of the early astronomers reached their highest perfec- 
tion in the hands of the skilful genius of Uraniborg. 

The invention of the telescope, the application of the pendulum 
to clocks, the invention of the micrometer, the combination of the 
telescope with the divided arc of a circle, the invention of the tran- 
sit circle by Roemer, with many improvements in minor apparatus 
distinctly stamp the seventeenth century as a remarkable period of 
preparation for the achievements of the next century. 

From the standpoint of the modem mechanician the instruments 
at the Greenwich Observatory, in Bradley's time, were very imper- 
•fect in design and constniction ; and yet, on the observations ob- 
tained by his skill and perseverance, depends the whole structure 
of modem fundamental astronomy. The use of the quadrant 
jreached its highest excellence under Bradley's management. 

The next advance, the real work with divided circles, began at 
Greenwich in 1^ 1 , under the direction of Pond. Since that epoch, 
theory and observation have held a nearly even course in the 
friendly race toward that elusive goal, perfection ; and the end is 
not yet. A careful, but independent, determination of the relative 
right ascensions of the principal stars, supplemented by a rigorous 
adjustment of such positions with regard to the equinoctial points : 
and a similar determination of the relative zenith or polar distance 
of the same bodies, finally referred and adjusted to the equator or 
the pole, — seem in this brief statement to be, at least, simple prob- 
lems. If, however, we examine the conditions in detail, the sim- 
plicity may not appear so evident; and this characteristic may 
prove to be one reason why this important branch of astronomical 
research is now so generally neglected. 

In the first place, it must be understood that such an investigar 
tion cannot be completed in a few months. At least two and pref- 
erably three years work in observing are necessary to secure good 
results. Skilled observers, and not more than two with the same 
instrument, are absolutely necessary. Such work cannot be con- 
fided to students or beginners in the art of observing, or to observ- 
ers who have acquired the habit of anticipating the transit of a 
star. The telescope and the circles, the objective and the microm- 
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eter, the clock and the level must be of the best" quality, for im- 
perfections in any of these essentials render the best results im- 
possible. A thoroughly good astronomical clock is the rarest 
instrument in the astronomer's collection. It is not sufficient that 
a clock should have a uniform daily rate, the rate should be uni- 
form for any number of minor periods during the twenty- four 
hours. The absolute personal error in observing transits should 
be determined at least twice a week, and when it is not well estab- 
lished it should be found every day. The level error should be 
found every two hours and the greatest care should be exercised 
in handling this important instrument. The division marks should 
not be etched on the level tube unless the values of the divisions 
are frequently examined, for, sooner or later, such tubes become 
deformed on account of the broken surface and are then worth- 



In the determination of zenith distances the effect of refraction 
plays such an important part that no work can rightly claim to be 
fundamental until the local refraction has been carefully investi- 
gated and special corrections to the standard tables, if necessary, 
have been deduced for each observing station. ' The ordinary mode 
of observing temperatures is quite inadequate to the importance of 
the phenomena. These observations should be made as near as 
possible in the mass of air through which the objective of the tele- 
scope is moved and also in the opening in the roof and the sides of 
the observing room where the outside air comes in contact with 
that in the building. The thermometers should all be mounted so 
that they may be whirled in that portion of the air where the tem- 
perature is desired, and they should be tested at least once a year 
to determine the change in the position of the zero of the scale. 
But a complete list of the things to be done, and of the errors to 
be avoided, are too voluminous for this occasion and are not nec- 
essury to show the complex character of the problem ; — the sug- 
gestions, already made, must suffice. 

For many years an immense number of observations of the larger 
or the so-called standard stars have been made at the principal 
observatories, for different purposes and with varying degrees of 
accuracy, but it is not certain that the work of the last thirty years, 
with all the advantages of improved apparatus, has resulted in 
more exact determinations of even the relative right ascensions of 
such stars. There can be no doubt that the chronographic regis- 
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tration of star transits has given more accurate results for the 
smaller stars, but I think it is equally true that, in the case of first 
and second magnitude stars, at least, no improvement has been 
made m accuracy. 

With double threads it is possible to observe the zenith distances 
of such stars with a fair degree of precision, because the operation 
is one of comparative deliberation and the centre of the mass of 
light can be placed midway between the threads with little difficulty. 
But the attempt to note with a chronograph key, the instant when 
a swiftly moving and irregular mass of light, like a Canis Majoris 
or a Lyrse, is bisected by a transit thread, is an operation that rises 
but little above the level of ordinary guesswork. Transits of first 
and second magnitude stars cannot be observed with an objective 
of more than four inches aperture, with the desired accuracy, unless 
the apparent magnitude is reduced, by means of screens, to that of 
a fourth or fifth magnitude star. It is necessary in this connection 
to avoid confounding the methods employed in the observations of 
the bodies of the solar system with those for obtaining fundamental 
places of the stars. The observations of the Sun, Moon, Mercury 
and Venus with a transit circle are, from the unavoidable conditions, 
necessarily uncertain to a degree even beyond the probable error 
involved in the observations of the large stars. In spite of these 
unfavorable conditions, however, the continued observations of 
these bodies at the principal observatories, for many years, have 
pro<iuced the most valuable results even when t^e work on the 
standard stars, on which their results depend, has no claim, what- 
ever, to a fundamental character. 

In geographic exploration the first endeavor is to secure approx- 
imate positions of salient points from a rapid reconnoissance. 
This is followed by more careful work fixing the observing stations 
with that degree of precision which insures good results. Finally, 
the highest qualities of skill and science are combined to exhaust 
all available means to reach the greatest attainable accuracy. In 
the exploration of the heavens, the first two of these steps have 
already been taken, and most of the stars of the larger magnitudes 
have been so well observed, that the accuracy of their positions is 
not only far higher than is required by the greatest skill of the 
navigator, but it is equal to all the demands of ordinary practical 
work. It is the next step which challenges the skill of the mecha- 
nician, the observer and the computer; and astronomers cannot rest 
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at ease until all known resources have been exhausted in the at- 
tempt to reach the best results. It is not a very difficult matter 
to fix the position of stars within a range, in the individual obser- 
vations, of three or four seconds of arc, but that degree of accuracy 
is not sufficient for the more exact problems of astronomy, and it 
falls far short of what is required in the important discussions of 
Bolar and stellar motions. 

Bradley's observations furnished the data for Bessel's Fundamenta 
Astronomiae and many astronomers have since attempted by re- 
reductions to obtain improved positions for Bradley's stars. The 
value of these observations in the development of modem astronomy 
can hardly be exaggerated. Their importance in the determination of 
stellar proper motions increases with the lapse of time ; and yet, the 
accuracy of the original observations was far inferior to that ob- 
tained in ordinary' routine work with modem methods and improved 
instruments. 

Fundamental Catalogues of stars have notably increased since 
the Fundamenta Astronomiae, but the demand has not yet been sat- 
isfied. The catalogues of declinations or north-polar distances are 
more numerous than those of right ascension, evidently because, 
for many reasons, independent declinations are more readily deter- 
mined. 

There is probably no collection of the right ascension of the 
large stars that has attained, or justly deserved, a higher reputa- 
tion than the Pulkowa Catalogue. The observations on which this 
catalogue is founded were made by Schweizer, Fuss, Lindhagen 
and Wagner, at the Pulkowa observatory between 1842 and 1858. 
The observations were reduced by the several obsei'vers, thoroughly 
discussed by Wagner and published in 1869. Only one observer 
was employed at any period. As these results have received high 
praise for their accuracy and for their freedom from systematic 
errors, it may be of some interest to consider briefly, and in a gen- 
eral way, the character of the data on which the results depend. 

The objective of the transit instrument with which these obser- 
vations were made, had a focal length of 8 feet and 6 inches and 
a diameter of 5.85 inches. It was so constracted that the oc- 
ular and the objective could be interchanged. It was also rever- 
sible, and a part of the observations were made with the clamp 
east and the remainder with the clamp west. This constmetion 
permitted the observations to be made under four different sets of 
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conditions, and for that reason the observed right ascensions of 
each star were arranged, for facility of discussion, in four separate 
groups. 

An examination of the results in each group discloses some in- 
teresting facts that are worth considering somewhat in detail. 
The whole number of stars in the catal(^ue that are reckoned as 
standard stars, and are south of 70° north declination, is 365. Of 
this number seventy per cent have a range, in the individual results, 
in at least one of the four groups, of two-tenths, pr more, of a 
second of time. This range is between 0^.20 and 0^.29 for 142 
stars ; between 0'.80 and 0^89 for 92 stars ; between 0".40 and 
0^.49 for 15 stars, and 0^.50 or more for 6 stars. The mean range 
for the 255 stars is 0'.297. In general, the accordance between 
the individual results is quite good but the discordance just men- 
tioned sometimes occurs more than once in the collected observations 
of the same star, and these doubtful data have been used in de- 
ducing the standard places given in the catalogue. It is not neces- 
sary to look for minor discrepancies, for enough of appreciable 
magnitude have been cited already to warrant the conclusion that 
better observing can, and ought to be done with modem instru- 
ments and that the needs of astronomical science to-day demand a 
more comprehensive, and a more accurate, standard catalogue of 
right ascensions. 

These remarks must not be interpreted as unfavorable criticism 
of the Pulkowa catalogue, by far the best work of its period, but 
they are made simply to call attention to the fact, that the present 
state of stellar astronomy and the direction which the investigations 
of the inmiediate future are likely to take, plainly require the most 
accurate fundamental catalogue of the standard stars that modem 
instruments and appliances, modem methods and the most skilful 
observers can produce. All of these conditions are essential and 
they must be carefully coordinated to obtain the desired results. 

It must be plain to every astronomer that the needed fundamen- 
tal catalogue must be deduced from new observations. The re- 
dhction and discussion of old observations of doubtful quality are 
a waste of time and energy. Under existing circumstances the 
greatest weight must be given to the observations. Neither 
amount of labor nor skill in computation can derive results of the 
desired accuracy from careless, incomplete or incorrect observations. 
An attempt on the pait of the computer to apply any system of 
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theoretical weights, either simple or complex, to such observations 
is almost certain to lead, at least, to self deception ; and the safe 
as well as reasonable rule in such case would be to use the weight 
zero. 

One example may serve to illustrate the effect of dealing con- 
tinuously with old observations. In standard star positions the 
four principal national ephemerides are not only not in accord with 
each other, but they generally do not exhibit results, even from the 
few best modem observations. The many discrepancies, of vary- 
ing magnitude, in these volumes, present with marked emphasis 
the undesirable results arising from the custom of ^'threshing old 
straw." 

The data on which these several ephemerides are founded are 
the common property of all astronomers, and no one can claim the 
exclusive use of any published observations ; and yet national pride 
or national obstinacy, which is sometimes mistaken for the nobler 
sentiment, or some computer's pet scheme or system of combina- 
tion, has led to the adoption of a variety of assumptions in the in- 
terpretation and treatment of the original data, until our standard 
ephemerides are so complex in their structure that the exact details 
of their preparation are practically unknown outside their respect- 
ive computing offices. The accuracy of the star positions is un- 
checked by any recent fundamental observations, and they lack 
that trustworthy character that should inhere in a system intended 
to serve as a basis for even good differential work. 

If this character were wholly satisfactory, we should soon see 
the representatives of Astronomy, 6eo(iesy and Geology gathering 
about the zenith telescope, confident of reaching, by the systematic 
use of this simple instrument, some definite conclusion in regard 
to the variation of terrestrial latitudes. But the accurate star 
positions do not exist, and under the present conditions the most 
feasible plan for utilizing this instrument is to arrange the ob- 
serving stations so as to eliminate the effect of etrors in the star 
places. 

If it be admitted that sidereal astronomy is worthy of further 
and more accurate study, that the needs of astronomical research 
at the present time and in the immediate future demand more exact 
positions of the standard stars, it may be desirable to consider 
briefly the status of those agencies to which we must look for the 
successful prosecution of such an investigation. 
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It is not an easy task to determine the Qxact number of active 
observatories, in the world. Some published lists contain the names 
of all observatories, from the most expensive and fully equipped 
government establishments, to the temporary shelter that protects 
a small equatorial telescope, and perhaps a chronometer, which is 
kept by the owner for the amusement and possibly for the instruc- 
tion of himself and his friends. A fair enumeration however would 
probably give a list of about two hundred and fifty observatories 
suflSciently equipped to do some kind of astronomical work. Of 
this number more than twenty per cent are found in North America. 
In the equipment of these two hundred and fifty observatories are 
to be found about sixty Transit Circles witli objectives ranging 
from nine to about tliree inches. The quality of about one-fourth of 
these instruments is such tliat good results may be expected from 
their proper employment. To the latter class of instruments we are 
limited when we seek for the highest class of work now under con- 
sideration. If we take account of the modem subsidiary apparatus 
and of the electric methods of recording transit observations and 
illuminating the different parts of the instrument, it does not seem 
extravagant to conclude that, if one-third of the best Transit Cir- 
cles were devoted for the next four years to observations for the 
formation of a fundamental star catalogue of right ascensions 
and north-polar distances, the aggregate result would be not only 
the best positions ever published, but it would be of the greatest 
value in the discussion of current, as well as future, astronomical 
problems. Unfortunately, however, we do not find any such num- 
ber of instruments employed in fundamental work. At the present 
time there is no general fundamental work in progress in any por- 
tion of the world, and within the last thirty years there have been 
no results of that character to take the place of the Pulkowa de- 
tenninations. This statement does not refer to observations of 
one ordinate only, or to those cases where several observers, both 
trained and untrained, are accustomed to observe in turn with the 
same instrument, and their several results are indiscriminately 
mingled in such a way that critical discussion is out of the question. 
Several observers may work together in the determination of dec- 
linations with a fair degree of success, because, to a large extent, 
each observer's work in a period of twelve or twenty-four hours is 
independent of that of his fellows ; but even this work is better 
when done by one skilled observer alone. Fundamental right as- 
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censions however cannot be determined with the requisite accuracy, 
and the necessary freedom from systematic errors, if more than 
one or, at most, two observers work with the same instrument. If 
only accidental errors of observation, or such as are due to atmos- 
pheric disturbances, uncomfortable positions or the unsteady nerves 
of the observer, were introduced by increasing the number of ob- 
servers, then increasing the number of observations would tend to 
diminish the error of the result. But the personal errors of ob- 
servers and their various habits of manipulation are of the same 
nature as systematic errors and cannot be eliminated by increasing 
the list of observers or the number of observations. 

Of the many valuable star catalogues in existence I know of 
none in which the right ascensions depend upon the observations 
of more than one astronomer, where it is possible to know, or to 
eliminate, either the constant or the variable errors due to the per- 
sonal equation of the observers. 

In the current astronomical work of this country in which we, 
as members of this Section, are especially interested, observations 
and discussions, planned solely, and properly carried out, for the 
determination of absolute star places, are quite unknown. The 
necessary instrumental outfit, with the exception in some cases of 
a clock of the requisite quality, exists in several observatories, 
and I have no doubt that trained observers of the highest character 
can be found to meet all demands. 

With the exception of a few government establishments and of 
those built to promote a higher grade of instruction, the observa- 
tories throughout the world have been founded generally for some 
special purpose. Their existence depended upon some endowment 
or bequest originating in the real or fancied interest which the 
wealthy benefactor took in some popular branch of the science, and 
this founder, with a real enthusiasm for the stimulation of research 
and a noble generosity that deserved recognition in a broader field, 
often unwittingly limited the scope of his foundation and restrained 
the usefulness of his gift. Utility or novelty, separately or in 
combination, were frequently the groundwork on which were based 
the successful claims for pecuniary assistance in founding and 
maintaining astronomical observatories. The working observa- 
tories founded fifty years or more ago, with scarcely an exception, 
were supported entirely in the belief that the results of the obser- 
vations would be, directly or indirectly, beneficial to navigation 
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and to commerce. At that time this belief rested upon a reason- 
able basis. This plea for the construction and support of obser- 
vatories is sometimes heard, even at this period in the evolution of 
science, in spite of the fact that, if every fixed observatory in the 
world were destroyed to-day, no interest ofnavigation or commerce 
would suffer for the next fifty years. The function of astronomy 
in promoting the development of navigation and in fostering the 
extension of commerce has been completed. 

In the periodical struggle with wealthy patrons to secure the 
yearly stipend, and with corporations and legislative bodies to ob- 
tain the annual appropriations for the support of observatories, 
may be found perhaps an apparent, if not a sufllcient, motive for 
selecting the class of work that is pursued in most of the Amencan 
observatories at this time. The apparent conclusion of those who 
have sougtit financial support for astronomical observatories seems 
to have been that such aid could not be secured except for some 
special work or research, and that the particular branch of inves- 
tigation selected must be one that promised either immediate and 
novel results, or such as would enable capital to win, either in 
material benefits or in popular reputation, some returns for the 
. risks incurred in speculative advances. Persistence in these 
theories and in the consequent lines of action, has doubtless re- 
sulted in the evolution of a certain type of astronomer, and also of 
a corresponding type of astronomical patron, whether the latter be 
an individual, a corporation or the legislative agents of millions of 
intelligent people. Such a result woul(| be the obvious outcome of 
the forces in action. 

The motives that actuate the early settlers in new countries, 
that guide them in the struggle with the untamed forces of nature, 
arise mainly from the material interests of the pioneer. As the 
subjugation of the land progresses and the comforts and the luxuries 
of life are substituted for the bare necessities of existence, the high- 
er, intellectual side of humanity asserts itself and demands, not 
only a hearing in the councils, but also its share in the advantages 
won in the campaign for material prosperity. 

The progress in the development of the various stages of civil- 
ization has its parallel in the evolution of the science of modem 
astronomy. For many centuries the timid navigator skirted the 
familiar shores of his native land, or, occasionally lured by the 
hope of unusual gains, he rashly tempted fate by adventurous cruises 
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along distant shores that bore no name in the traditions of his 
forefathers. But, however lofty his ambition, he never allowed 
the known or unknown peaks and headlands to sink below his 
horizon. To him, the open ocean was a symbol of infinite space 
that he dared not explore until astronomy furnished the key to its 
uttermost recesses, and the art of navigation rose to the dignity of 
a science. 

Greenwich observatory was founded in 1675 to promote the in- 
terests of navigation. The royal warrant appointing the first as* 
tronomer-royal also declares that his duty is "forthwith to apply 
himself with the most exact care and diligence to the rectifying 
the tables of the motions of the heavens and the places of the fixed 
stars, so as to find out the so much desired longitude of places for 
the perfecting of the art of navigation." Right faithfully have the 
successive astronomers-royal carried out the spirit of the regal 
mandate. For many years the success was far from uniform, nor 
was the progress always satisfactory, but, through adversity as 
well as prosperity the original design of the foundation was always 
kept in view and the results have been commensurate with the ef- 
fort. If the work of all the other observatories of the world were 
neglected or destroyed the data in the annual volumes of the Green- 
wich Observatory would be sufi9cient, not only to build anew the 
science of navigation but to reconstruct the entire planetary and 
lunar theories. Surely there can be no more flattering commentary 
on the value of a well-planned system of observatory work closely 
followed, through two centuries, with true Anglo-Saxon pertinac- 
ity. 

The history of Greenwich Observatory is, in many respects, that 
of nearly all the observatories of that early epoch which have sur- 
vived to the present time, but most of the urgent needs that led to 
their foundation have ceased to exist, and new problems have arisen 
to take their place. The immediate material and commercial ad- 
vantages, sought for in obedience to the demands of the original 
foundations, have been fully gained, and the scientific results ob- 
tained from those early researches remain a permanent benefaction 
to the whole world. 

To this extent the science of astronomy is deprived of some, 
perhaps the most eflScient, of the influences that commended it to 
public approval and support during the last two centuries ; and the 
science has now reached a period in its development where we may 
with propriety consider two pertinent questions. 
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First, — what has astronomy gained for itself in the effort to pre- 
sent, in its results, commercial advantages or popular reputation 
to its patrons, in return for financial support? 

Second, — what shall be its future attitude when seeking aid in 
the foundation and endowment of new observatories or in the main- 
tenance of those already in existence ? 

It may be assumed without fear of contradiction, that, after the 
revival of astronomical studies in Europe, the rapid development 
of practical and applied astronomy and the consequent establish- 
ment of a large number of obser\'atories was due to the stimulus 
derived from newly awakened interests of navigation and commerce. 
Around these centres of scientific activity the astronomers of the 
world gathered to discuss not only the problems of practical as- 
tronomy but the more abstruse, theoretical questions which lay at 
the foundation of the higher branches of the science. The work 
of each observatory not only furnished the means for determining 
the accuracy of the numerous theories then extant, but it produced 
original data on which new theories were constructed to be in their 
turn subjected to the rigid test of obsei-vation. In the extreme 
interest evolved in such discussions, by those who eagerly sought 
the key to nature's methods in the simple form of general laws, the 
minor problems of practical astronomy were soon solved, or passed 
over, to clear the way for the more profound questions that involved 
the motions in the solar system and the structure of the stellar uni- 
verse. 80, indirectly, at first, with a zeal superior to all obstacles 
and an ambition that looked beyond the simple and practical ideas 
underlying the original foundation, astronomers have steadily but 
persistently sought for nature's general laws in the labyiinth of 
complex phenomena, have devoted years of intense labor to the 
most refined tests of methods and theories, and finally, have won 
for their exacting but fascinating study, the foremost place among 
the sciences. Success in all these labors has justified the wisdom 
of those royal and wealthy patrons who generously gave their sup- 
port when a favorable issue was by no means certain. 

In its practical results astronomy has returned to mankind a 
thousand fold the cost of founding and maintaining its observa- 
tories and, at the same time, it has developed a science whose field 
of action includes, not only the figure, motions and positions of 
our own insignificant planet, but it reaches the uttermost limits of 
the universe. 

If the second question be regarded as involving only a simple 
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problem in ethics it could be readily answered by following the 
homely, but sometimes pertinent, injunction to ''speak the truth." 
Bat in view of the complexity of interests now existing, this ques- 
tion has a wider signification and deserves some consideration. 
As alreaciy stated, utility or commercial advantage can no longer 
be given as a reason for carrying on astronomical investigations. 
Novelty, combined with a desire for architectural display and an 
absurd ambition to secure the largest telescope and the greatest 
variety of astronomical instruments has even at the present time, 
a place, and sometimes a prominent one, among the reasons assigned 
for establishing new observatories. In view of these facts, it is 
surely the duty of astronomers to see to it that, for their own rep- 
utation and for the present and the ultimate welfare of their science, 
the tixie purpose of astronomical study and research and the grounds 
for the existence and the support of observatories should be frankly 
given and courageously maintained, it is possible that pecuniary 
profit may sometimes indirectly arise from some branches of astro- 
nomical work or investigation; biit the only sound and honest 
reason that can be given for such work is that it stimulates the 
highest form of intellectual activity, widens the already broad field 
of investigation and increases the sum of human knowledge. Who- 
ever pleads the cause of astronomy on a lower plane discounts the 
intelligence of himself or of his audience. Why should the astron- 
omer stoop to select a less noble theme, or consider it from a lower 
point of view? He who leads an intelligent and thoughtful life 
must feel himself in daily touch with those phenomena that are in- 
volved in the most important astronomical problems of the present 
time and of the immediate future. The figure and motions of the 
earth which he treads ; the constitution and translation of the sun that 
invigorates his life and lights his days ; the movements and struct- 
ure of the moon and planets that beautify his nights ; the proper 
motions and distances of the countless stars that nightly set before 
his eyes the highest types of rigorous law and of boundless space 
that the mind can grasp ; — all of these, and more, tend to convince 
him that the constantly growing demand for broader and more ex- 
act knowledge is ample warrant for the time and expense involved 
in the most profound astronomical investigation. In this direction 
lies the justification of astronomical research ; on this basis the 
astronomer is sure of the stimulating support of every cultivated 
mind as long as the questions " why?" and " how?" are constantly 
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reiterated and are still unanswered ; on this groand, and on this 
alone, rest the valid reasons for the expenditure of corporate, 
municipal or national funds for the establishment of expensive ob- 
servatories and the prosecution of astronomical investigations; 
and in the closing years ofthis century the conscientious astronomer 
can in no way more thoroughly vindicate the highest claims of his 
science than by holding the standard of work well above the popu- 
lar fancies of the hour, and by devoting his time and enei^ to that 
class of 'fundamental work that shall itot only satisfy the rigorous 
demands of the present time, but shall make the last decade of the 
nineteenth century an important epoch in the real progress of 
astronomy. 
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On the imaginary or algebra. By Prof. A. Macfarlanb, University 
of Texas, Anstin, Texas. 

The student, if he ehoald hereafter inquire into the assertions of dtiferent writers, 
who contend for what each of them considers as the explanation of V^^^ will do well 
to substitute the indeflnlte article.'*— Db Moroan, DonbU Algebra, p. 94. ' ' 

With respect to tlie tlieory and use of |/— 1 analysts may be divided 
into three classes : Jlrst, those who have considered it as und^ned and 
VII interpreted, and consequently make use of it only in a tentative manner ; 
•econd, those who have considered it as undeflnable and uninterpretablef 
and build upon this supposed fact a special theory of reasoning; third, 
those who, viewing it as capable of definition, have sought for the defi- 
nition in the ideas of geometry. 

Of the first class we have an example in the view laid down by the 
astronomer Airy {Cambridge Philosophical TranaactionSt vol. x, p. 827). 
'*I have not the smallest confidence in any result which is essentially ob- 
tained by the use of imaginary symbols. I am very glad to use them as 
conveniently indicating a conclusion which it may afterwards be possible 
to obtain by strictly logical methods; but until these logical methods 
shall have been discovered, I regard the result as requiring further dem- 
onstration." This view admits that conclusions are indicated by methods 
which are not strictly logical ; that a method which is not strictly logical 
can indicate and always can indicate a conclusion is a paradox which it is 
very desirable to explain. 

Of the second class we have an example in the mathematician and logic- 
ian, Boole. Instead of conforming analysis to ordinary reasoning, he 
endeavors to conform reasoning to analysis by introducing a transcend- 
ental species of logic. In his Laws of Thought, p. 68, he lays down the 
following as an axiomatic principle in reasoning : The process of solu- 
tion or demonstration may be conducted throughout in obedience to cer- 
tain formal laws of combination of the symbols, without regard to the 
question of the interpretability of the intermediate results, provided the 
final result be Interpretable. Our knowledge of the foregoing principle is 
based upon the actual occurrence of an instance, that instance being the 
imaginary of algebra. In support of this view he says : "A single example 
of reasoning in which symbols are employed in obedience to laws founded 
upon their interpretation, but without any sustained reference to that in- 
terpretation, the chain of demonstration conducting us through intermedi- 
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ate steps which are not interpretable to a final result which Is interpretable, 
seems not only to establish the yalldlty of the particular application, but 
to make known to us the general law manifested therein. No accumulation 
of instances can properly add weight to such evidence. The employment of 
the uninterpretable symbol |/ — 1, in the intermediate processes of trigo- 
nometry, furnishes an illustration of what has been said. I apprehend 
that there is no mode of explaining that application which does not cov- 
ertly assume the very principle in question. But that principle, though 
not, as I conceive, warranted by formal reasoning based upon other 
grounds, seems to deserve a place among those axiomatic truths, which 
constitute, in some sense, the foundation of the possibility of general 
knowledge, and which may properly be regarded as expressions of the 
mlnd*s own laws and constitution." 

Inasmuch as the successful use of the undefined symbol |/^ by analysts 
is thus made the basis of a sort of transcendental logic, it is a matter of 
interest to Investigate whether the intermediate steps in such demonstra- 
tions are not uninterpretable but merely uninterpreted. If it can be shown 
that some at least of the expressions in which y/^ occurs have a real 
geometrical meaning, the argument for a transcendental logic will fail. 

The "principle of the permanence of equivalent forms," which was 
by Peacock made the foundation of the operations and results of algebra, 
is scarcely so transcendental, but is certainly a very vague and unsound 
principle of generalization. He states it as follows {Symbolical Algebra, 
p. 631) : ^^ Whatever algebraical forms are equivalent^ tehen the symbols are 
general in form but specific in value, will be equivalent likewise when the sym- 
bols are general in value as well <u in form. It will follow from this 
principle that all the results of arithmetical algebra will be results like- 
wise of symbolical algebra, and the discovery of equivalent forms in the 
former science possessing the requisite conditions will be not only their 
discovery in the latter, but the only authority for their existence; for 
there are no definitions of the operations in symbolical algebra by which 
such equivalent forms can be detected." 

The principle is applied to Indices in the following manner : "Observing 
that the indices m and n in the expressions which constitute the equation 
a^ X a^ *= a"*"^*, though «pect/Ic in value, are general in form we are 
authorized to conclude by the principle of the permanence of equivalent 
forms that In symbolical algebra the same expressions continue to be 
equivalent to each other for all values of those indices ; or, in other words, 
that a^ X a" = a"*"*"" whatever be the values of wi and n." 

The question is : How general may the symbols be made, yet the equa- 
tion still retain the same form? This is not a question of nominal defi- 
nition and merely symbolical truth, but of real definition and of real 
truth; as may be shown by considering the above principle of indices. 
For a certain generalized meaning of m and n, Hamilton (Elements of 
Quaternions, p. 388) Investigates whether or not a^ X a^ = a"**^", and 
concludes that it Is not true. With him the question Is one of material 
truth, not of symbolical definition. 
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The above principle of generalization may be tested in another way. 
If r denote the ordinary algebraic quantity which may be positive or neg- 
ative, r - d may represent tliat quantity when generalized so as to have any 
angle with an initial line in a given plane. For this generalized magni- 
tude 

r-^X r'-^' = rf'-^ + ^'; 
in words, the length of the product is the prod uct of the lengths, and 
the angle of the product is the sum of the angles. Now the principle of 
the permanence of equivalent forms does not help us to generalize this 
proposition for space. A plausible hypothesis likely to present itself at 
first is : Let ^ denote the angle between the given plane and a fixed plane, is 

This is a question not of symbolism, but of truth. 

At the time of De Morgan there was no adequate theory of i/^, as is 
evident from the quotation prefixed ; nor is there at the present time. 
The view at present held about i =1/ — 1 by analysts is thus stated by 
Cay ley in a paper *'0n Multiple Algebra," printed in the Quarterly Journal 
of Mathematics, vol. xxii. 

'*We have come to regard a + &j as an ordinary analytical magnitude, 
viz. : in every case an ordinary symbol represents or may represent such 
a magnitude, and the magnitude (and as a particular case thereof the 
symbol i) is commutable with the extraordinaries of any system of mul- 
tiple algebra; and similarly in analytical geometry without seeking for 
any real representation we deal with imaginary points, lines, etc., that Is, 
with points, lines, etc., depending on parameters of the form a + hi.** 

I propose to review critically the difllerent explanations or elements of 
explanation which have been contributed, with the hope of finding a theory 
which will tend to unify them, and to diminish still further that region of 
analysis where we have mere symbolism without real definition. 

The investigation of this subject arose with the celebrated controversy 
about the nature of the logarithms of negative numbers ; whether they are 
real or impossible. Leibnitz maintained that the logarithm of a negative 
number is impossible, because if log ( — 2) is real, so is i log ( — 2), that 
is log |/Zl2» which would lead to the supposed absurdity of the logarithm 
of an impossible quantity being real. John Bemoalli held that the log- 
arithm of a negative number Is as real as the logarithm of a positive 
number ; for the ratio — m : — n does not diflier from that of + m: 
4- n. The former view was afterwards maintained by Euler, the latter 
by D*Alembert. Euler claimed to demonstrate that every positive number 
has an infinite number of logarithms, of which only one is possible ; fur- 
ther, that every negative as weU as every impossible number has an infi- 
nite number of logarithms, which are all impossible. He reasoned from 
the values of the n*** root of + 1 and of — 1, viewing + as denoting an 
even number, and — as denoting an odd number, of half revolutions. 
D'Alembert pointed out that the logarithm of a negative number may be 
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real. Thas ^ = +v^« or — |/r» ^^ ^^^ logarLthm of cMs i ; therefore 
the logarithm of — |/i"a8 well as of +\/tis 4. 

These opposing views arise from different conceptions of the negative 
symbol and of the magnitude treated by algebra. The magnitudes con- 
sidered in elementary algebra are, first, a mere number or ratio; second, 
a magnitude which may have a given direction, or the opposite, and third, 
a geometric ratio which combines a number with a certain amount of 
change of direction. The logarithm of a ratio is itself a ratio, and is 
unique. If a directed magnitude has a logarithm, it is difficult to see how 
the direction of the logarithm, if it has any direction, can be different 
from that of the magnitude. It is of number in the sense of a geometric 
ratio that Euler's proposition is true. This conception of number imme- 
diately transcends representation by a single straight line; consequently a 
part of the ratio generally appears as impossible. 

In his Qeometrie de PoiUiont Carnot asks the following among other 
questions : "If two quantities, of which the one is positive and the other 
negative, are both real, and do not differ excepting in position, why 
should the root of the one be an imaginary quantity, while that of tbs 
other is real? Why should |/ — a not be as real as |/+a?" In this ques- 
tion it is assumed that — a and -f a denote directed magnitudes, the one 
being opposite to the other; and If such a quantity has a square root, it is 
difficult to understand why the one direction should differ from the other. 
But the — a which has the imaginary square roots, while + o has real, do 
not differ in direction ; they differ in the amount of change of direction. 

In 1806, M. Bue6 published in the PhUosophieal Transactions a memoir on 
Imaginary Quantities, and in it he endeavors to answer some of the ques- 
tions raised by Carnot. His main idea is that -f, — , and i/^ are purely 

descriptive signs ; that is, signs which indi- 
cate direction. Suppose three equal Unes 
AB, AC, AD, drawn from a point A (fig. 1), 
of which ^C is opposite to AB, and AD 
perpendicular to BAG; then if the line AB 
is designated by +1, the line AC will be — 1, 
and the line AD will be 1/^. Thus \/—^ 
is the sign of perpendicularity. It follows 
from this view of \/ — 1 that it does not in- 
dicate a unique direction, the opposite line 
JZy, or any line in the plane as AD" is also 
indicated by |/^- Bue6 admits the conse- 
quence. But it may be asked: If every 
perpendicular is represented by "|/— 1, what meaning is left for — \/ — 1? 
Bue6 applies his theory to the interpretation of the solution of a quad- 
ratic equation which had been considered by Carnot, namely : To divide a 
line AB into two parts such that the product of the segments shall be equal 
to half the square of the line. 
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there is an assainptioii that the axes of the two angles are coincident ; 
and that Argand's meaning is incorrect. 

The ideas of Warren in his Treatise on the geometrical representation of 
the square roots of negative qvantttieSt 1828, are essentially the same as 
those of Fran9ais, but they receive a more complete development. 

It is curions to find, considering the intensely geometrical character of 
quaternions, that Hamilton was led by the Kantian ideas of space and time 
to start out with the theory that algebra is the science of time, as geometry 
is the science of space, and that he strove hard to find on that basis a 
meaning for the square root of minus one. But having observed the suc- 
cess, so far as the plane is concerned, of the geometrical theory of Argand, 
Fran^ais and Warren, he adopted a geometrical basis and took up the 
problem of extending their method to space. What he sought for was 
the product of two directed lines in space, In the sense of a fourth pro- 
portional to two given lines and an initial line. He perceived that one 
root of the difficulty which had been experienced lay in regarding the 
initial line as real, and the two perpendiculars as expressed by imagina- 
ries ; and, looking at the symmetry of space, adopted the view that each of 
the three axes should be treated as an imaginary. He was thus led to the 
principle that if (, j, k denote three mutually rectangular axes, then 

i^ 1./^ l.A:« = -l, 

and if Ua denote any vector of unit length ( CTa)* = —1. Hence follows 
the paradoxical conclusion that the square of a directed magnitude is 
negative, which is contrary to the principles of analysis. An after devel- 
opment of Hamilton's was to give to <, j. A; a double meaning, namely : to 
signify not only unit vectors, but to signify the axes of quadrantal ver- 
sors. But in the quaternion we have for the first time the clear distinc- 
tion between a line and a geometric ratio. In a paper read before this 
Association last year 1 have given reasons for believing that the identifi- 
cation of a directed line with a quadrantal quaternion Is the principal 
cause of the obscurity in the method, and of its want of perfect harmony 
with the other methods of analysis. 

The imaginary symbol, notwithstanding its apparent banishment from 
space, reappears in Hamilton's works as the coefficient of an unreal qua- 
ternion. He appears to hold that there is a scalar \/^ distinct from 
that vector \/ — 1 which can be replaced by », j, k. In the recent edition 
of Tait's Treatise on Quaternions, Prof. Cayley contributes an analytical 
theory of quaternions, in which the components w, x, y, z of a, quaternion 
are considered in the most general case to have the form a + b\/^^ 
where l/^ is the imaginary of ordinary algebra. Thus it appears as 
if we were landed in an analytic theory of quaternions instead of a qua- 
temionic theory of analysis. 

In a work recently published on quaternions ( Theorie der Quaternionen^ 
by Dr. Molenbroek), the principal novelty is the introduction of the sym- 
bol V^ with the meaning attached to it by Bue6, namely: to denote 
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area of the sector incladed by the arc. This notation is capable of gener- 
alization, while the other is not. 

Meaning of the equation a ^scos A+HnA-aJ^ 

Let OP (fig. 8) be any line of unit length in the plane of a, and let OQ 
be the line from to the extremity of the circular sector of area ^ en- 
closed between OP and the circular arc : then 

Oe« OM+MQ 

^coiA' 0P + 9inAa^ 'OP 

IT 

'=(coiA+8inA'a^) OP 
«a^ OP 

w 

therefore a^ = cos A + sin A' a^. 




Fio 8. 

This equation is true so far as the amount of angle is concerned but not 
it may be as regards the whole amount of turning. In this sense cos 4 

w 

hud sin A ' a^ are the components of a^ . 

w 

To prove that a-^ « a-^* . 

w 

We have a^ ^cosA + sin Aa^, 

and cof-4«1^4|+^'-, 

and ^„4 = 4-|;+^-. 



By restoring the powers of a^ in the expression for cos A we obtain 

co«4=l-f-2p-H — n-+J 
and by a similar restoration in the series for Sin A 



a 7 A^a * 
Sin A' a '^Aa H jp- + ; 
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and by adding the two series together we get 

Also (-aZ-a-^-,-""^-,-^'*^ 

and c?-^.e^^^. 

So far as angle is concerned, Irrespective of the whole amount of turn- 
ing, we have 

w w 

It follows that Aa^ is the logarithm of a^ ; and a^ the logarithm of a}. 
As the most general expression for minus is a^^'^+^^'t 

log (—1) = (2n+l)n • a^. 

The general expression fbr y'Hi is o^?'**". therefore 

JoflF i/^ ■= (2»Jr+J)- o' ; and for + it is a*"', therefore Zo^f + ■= 2fi3c • o^ . 

Hence generally log (aa^) « 2o^ a + -^ * «'• 

In his Qeometrie de PosiUnn Carnot says, in reference to the celebrated 
discussion about the logarithms of negative quantities **Quoi*que cette 
discussion soit auJourd*hul termini, 11 reste ce paradoxe savoir que quoiqu' 
on ait log (— «)• = log («)*, on n*a cependant pas 2 log (— «) = 2 log «." 

The paradox may be explained as follows : Suppose the complete ex- 
pression for « to be «a*»», then that for — <; Is «a(*H-i)»; then 

w w 

Joke's 2 log z + iiur -a^ andto^ (— «)« = 2 ZoflF«-f (4n-f2)jr • o'^. 

As the latter is twice the logarithm of «a(^^i)*, the supposed paradox 
vauishes. 

To prove that 

a4 fi^ z:^ cos Acot B^ sin A sin Bcos afi 

+ COS A sin B ' fi^ + COS BsinA' aF -^ sin A sin B sin afi . afi^- 

w 

Since a^ ^ cos A + sinA* a^, 

and fi^^eosB + sinB' fi^, 

by multiplying the two equations together we obtain 

«- W WW 

a^fiB^cosAcosB+eosAsinB'fi^ + cosBsinA'a^+sinAsinBa^fiP'. 
Now, as was shown in the previous paper (p. 98) 

a^fi^^^cosap^ sin afi • afi^ ; 
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hence 

cos a^ p^ ^ COS A COS B — sin A sin B cos afi (1), 

and 

w 

Sina^fi^=^ {cosAsinB'P+cosBsinA'a^sinAsinBsinafi-a'^Y (2). 

Equation (1) expresses what is held to be the fundamental theorem of 
spherical trigonometry; bat the complementary theorem expressed by 
(2) is never considered. So far as magnitude is concerned, it may be de- 
rived from (1) by the relation cos* + sin* ^ = 1 ; bat it is not so as regards 
the axis. Equation (1) is the generalization of the theorem of plane trig- 
onometry 

cos (^A + B) ^ cos A cos B — sin Asin B; 

while equation (2) is the true generalization of the complementary theorem 

sin CA-^ B) ^ cos Asin B + cos B sin A. 

The one theorem may perhaps be derived logically from the other, when 
restricted to the plane, but it is not so in space. The two equations form 
together what is called the addition theorem in plane trigonometry. Why 
do we have addition on the one s\de of the equation, while we have mul- 
tiplication on the other? Because ^+ ^ is the sum of two indices of an 
axis which is not expressed, the complete expression being 

cos a "^ = cos A cos B — sin Asin B 

n 

Sin 0^*+^ =^(^cosAsinB + cosB sin A) • a^- 
Prosthaphaeresis in spherical trigonometry. 

The formula for a fi" is obtained from that for d^fi^ by putting a 
minus before the sin B factor. Hence 

cosa^ P^^ = COB A cos B-^- sin A sin B cos afi, and 

» IT « 

Sina^ P~^ ^^cosAsinB' 0^ +cos BsinA- a^ +sinAsinBsin afi- aft^' 
Hence the generalizations for space of 

cos (A^B) + cos (A+B) =^2 cos A cos B, 
cos (-4— B) — cos (A+B) '^ 2 sin Asin B, 
sin {A+B) + sin iA—B) « 2 co» J5 sin A, 
sin CA+B) — sin {A-'B) ^2 cos A sin /?, 

are respectively 

cos a P + co« o P =2 cos A cos B, 
cosa^^ —cosa^fl =2 sin A sin B cos afi, 



Sin a fi + Sina /T" =^2 cos B sin A ' a^t 
Sina^ P^—Sina^f^ = 2/co* A sinB • /9 - sin Asin B sin a/9 • ^l^ 



a^§P ^y^ and a^ (T^ = b^ (flg. 9) 
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What is the geometrical meaning of a^? It is a sector of the logarith- 
mic spiral which has a for axis, w for the angle between the tangent and 
the radius vector and A sin to for the angle at the apex. 

On account of the new element to the quantity nmy be named a quinter- 
nion, for when a multiplier is prefixed we have five elements. 

w 

«, .^ . A AeoMw-i-AHnw a^ 

To prove that aJJ = c 

8t0 



For «;J =«-""- 1 +^a« + ^ + ^ + . 

, . , A*eo8 2w I A*eo9 9v> I 
s 1 + Acosw-i Yl ' T\ '" 

+ I Asinw + jj + — 3i +1 -a 

^^^^Aco$w + AHnwui^ ^^Aoo9W ^AHnig'a^ 

w 

»=l + -4«ww + 2^ (c(w* w — sin* w) + 

= 1 + -4 co» to + ^ co« 2w + 
-f il rtn to + ^ sin 2to + 

therefore e^" _ e^ "• •» + ^ •<» • ' •'• 

To proee »Aot aifiS,"* "*'" '^^^' 

Since a^-e^«~«' + ^ """'■•' 
and ^« ««*«"• + «•*•••»'' 

ir r 

oA qB ^^A§o$v) ^ A Hn w a'^ ^ Seo$to ^ S Hnw p^ 

W 9 

^ ^ A 00$ wi- B 00$ to ^ A $inw ' tt^ -^ B $in w fi^ 
Bat e^**^"*" ^^"' ■■ 6 (^«>»» + ^**»«' «7) + (Bcof«+ 5n•n•c•^T) 
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system of levers to a new form of clepsydra that they can be made to 
move at uniform velocities bearing a constant ratio to each other. As the 
first silt moves across the sun's Image the second sUt moves at snch a rate 
that the K line In the fourth order spectrum of the grating constantly 
I>asses through It, and falls upon a photographic plate. As It was dis- 
covered photographically at the Kenwood Observatory in 1891 that H and 
K are both reversed In all prominences and faculie, It follows that photo- 
graphs of these objects can readily be obtained with the spectrohelio- 
graph. In taking a photograph, after K has been adjusted to pass through 
the second sUt, the sun's Image at the focus of the equatorial Is covered 
by a diaphragm exactly equalling It In size, and as the silt moves across, 
the chromosphere and prominences around the entire circumference are 
photographed on the plate. When the silt reaches the end of its course 
the diaphragm Is removed, and the silt made to move back across the 
sun's Image at a greater speed. Both spots and faculas are thus obtained 
on the same plate with the chromosphere and prominences. The facnlaa 
are weU shown In even the brightest parts of the sun's surface, where 
they have up to the present been Invisible. Daily photographs of solar 
phenomena are thus obtained at the Kenwood Observatory and on them 
some remarkable curved forms of faculie have been discovered. Since 
tlie first application of photography by the author (In Apr., 1891) to the 
study of the ultra-violet spectrum of the solar prominences, twenty-eight 
lines have been discovered In this part of the spectrum. 

[This paper was Illustrated by lantern pictures ; and photographs (paper 
prints) of sun-spots, faculfie, chromosphere, prominences and spectra 
were exhibited.] 



Models and machines for showino cukves of the third degree. By 
Andrew W. Phillips, Ph.D., Prof, of Math., Yale University, New 
Haven, Conn. 

[ABSnUGT.] 

1. The formation of curves of the third degree by the Intersection of 
two surfaces. 

2. Exhibition of the surfaces 

z = xy* +ey and z = ftz^ +bx* + cx + d 
so constructed, that they may be deformed to represent different values 
of the conatarU coSfflcients, and also to Intersect and form the curves 
ay* -j- ey = oa' + bx* + ex + d, 
8. A machine so constructed, that by its aid any one of the following 
four forms (Newton's forms) may be readily plotted. 
xy* +eif^ ax^ +bx* + cx + d 
xy = ax* + bx* +cx + d 
y* = ax* +bx* +cx + d 
y =^ ax* + bx* + CX + d 
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This last machine consists of a simple means of applying the principles 
involved in (2) to the plotting of curves. 

4. Exhibition of cones of the third degree partially immersed in a tank 
of colored liquid to show the various curves of intersection. 



Lbast square 7ALLACIB8. By Frof. Tbuman Henby Saffobd, Williams 
College, Williamstown, Mass. 

[ABSTRACT.] 

In applying the method of least squares to physical problems, it is nec- 
essary not to overlook the essential conditions of the method, as expounded 
by Gauss. 

These are : 

1. The series of observations must be free from constant error ; or, in 
other words, all the unknowns must be employed in the equations. 

2. The casual errors must be distributed according to the law of error 
on which the method is based. If such distribution is imperfect, the 
method of least squares will give imperfect results. 

8. Consequently the * ^modulus of precision" must be the same for all the 
observations; or the proper weight must be assigned to each observation. 

4. There must not be mistakes in the series ; discontinuous errors must 
be carefully avoided. 

As observations and experiments become more and more precise, we 
usually find that these conditions are more and more nearly fulfilled. The 
law of error is best considered as resulting from the combination of 
elementary very minute errors, each of small amount and each as likely 
to be positive as negative ; and no one of these elementary errors must 
largely exceed the others in amount. 

The process of making more and more precise observations consists in 
avoiding, one after another, sources of minute errors which seem to ex- 
ceed others in amount; so that there is a constant tendency to bring their 
values into that relation to each other which the law requires. Good 
administration of an observatory, for Instance, requires that the older 
astronomers, or the director, shall continually watch over the work of the 
younger and less experienced observers, to provide that they shall not 
fall either Into mistakes or Into elementary errors of small amount, which 
however, are larger than they ought to be. And one of the most obvious 
marks of a bad series of observations Is the frequency of mistakes or of 
casual errors which cannot be readily distinguished from mistakes. 

The following are some of the common practices which arise from 
fallacious reasoning on this subject. They are taken mostly from astronom- 
ical or geodetic practice; and are found in collections of observations 
and results which frequently possess very high authority. 

Time observations with the transit Instrument have frequently been 
reduced without weighting the observations. When one of the stars Is 
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It is only applicable when n is very large ; when a result depends npon 
m few observations, we mast snbstitnte the formnla 

using for Cq not the precarlons single yalne 



1/ n(ii.l) 
bnt an average derived from a great many similar cases. In the se/les to 
which I have referred, n is very often no more than 3 ; and the probable 
error of each result is mechanically computed from the three or more 
discrepancies of the observations which furnish that result. 

This case Is an extreme one ; but we often find similar but less calami- 
tous instances. In all cases, the probable error of observations should be 
derived from at least a hundred discrepancies if possible. 

An additional fallacy arises when the probable error of results is stated. 
Experience shows that in almost all cases some new element must be con- 
sidered. For example, the probable error of a single star transit includes 
not only that arising from the discrepancies of the wires, bat the varia- 
tion from star to star of personal equation ; so that it is erroneous to cal- 
culate the weight of a transit from the wire discrepancies only. Again, 
a batch of stars well selected usually gives a smaller probable error for the 
time by their separate results, than a comparison of a dozen cases when 
slndlar batches are observed side by side by two men on different nights. 
Here we have to reckon with variation of personal equation or perhaps 
unnoticed instrumental changes from night to night. The distinction 
between itUernal and external probable error Is one which must be very 
carefully observed. 

In a longitude operation, for example, the correct practice would be to 
assign the probable error of the resulting longitude from long experience 
of the same two observers with the same two instruments ; and to enlarge 
it with judgment for their earlier and less accurate operations. But even 
then, and certainly most conmionly, do we find that the adjustment of a 
network of longitudes gives us a somewhat larger probable error than we 
should have expected. 



LiNBO-LINEAR VBC3TOR FUNCTIONS. By Prof. AbTHUB S. HaTHAWAY, 

Bose Polytechnic Institute, Terre Haute, Ind. 

[ABSTBAOT.] 

Lbt ^p<r be a linear vector function In each p and <r. In its utmost gen- 
erality, <P involves nine arbitrary vector constants, ^aa, ^ay9, etc., or 
twenty-seven arbitrary scalar constants of the form 

Sr^pa [t, pjff^a, p,r 
in all possible permutations]. 
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The coi^agate of ^^ belongs to the coi^agate system [f«pi9 • • . ]. 
Any fanctlon f can be resolved into the^two self-conj agate primary parts 
S^i f^iS <^°<^ ^b® ^^^ conj agate. Imaginary, non-primary, parts ip^ , ^^ in 
only one way, viz. : 



wherein 



we add. 



if - i (1 + ITj^, + IT.ir, - ^, - if, - ^,), 
J = i (1 + vi'K.K^ + wir.iTO, 
2) - i (1 + wiTilT, + vi'K^K^), 



J8 = i(jri+w/r, + w«ir.). 

These six operations, Jnst written, are a transformation of 1, ITi, £*«» 
JT,, iTiiTa, iTciTi, and have the following multiplication table : 



M A 



X X 

Jf if 

^ ^ i? 

B >i ir 

C C D 

n a z> 



Hence, the linear form ail + 6-B + cC + d7> and the matrix y \ may 

I c d i 
be regarded as equivalent symbols (Tait, Chap. VI (C)). 

The problem of transforming these operations Into new ones Xi, Xs, X^, 

that have Uie same relations as iTi, iTg, ^,, is capable of solution in an 

Infinite number of ways, thus : 

X, - X — if + (a + a') ^ + (6 + 60 ^ + (c + C) C- (a + o') 7>. 

Xg — X — -Jf + (wa + w'aO -A + (ti»6 + w«6') ^ + (tec + w«c') 

— (wa + wa') 2). 

X, — X— If + (w«a + waO il + (w«6 + wd') iT + (w«c + w') C 

— (ico + taa') />. 
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The secular motion of a free magnetic needle. By L. A. Bauer, 
U. S. Coast and Geodetic Sorvey, Washington, D. C. [To be printed 
in Amer. Meteor. Joum.] 



European observations. By J. A. Brashsar, Allegheny, Fa. 



On the confuct of observation with theory, as to the earth's 
rotation. By S. C. Chandler, Cambridge, Mass. 



LATTTUpE of the SaTRB OBSERVATORY. By Prof. C L. DOOUTTLB, SoUth 

Bethlehem, Pa. 



List of thirty new proper motion stars. By C. L. Doolittlb, South 
Bethlehem, Pa. 



Thermal absorption in the solar atmosphere. By Edwin B. Frost, 
Hanover, N. H. [To be printed in Astronomische Nachrichten.] 



Forms of solar facula. By Oeoroe E. Hale, Chicago, 111. 



On the intersection of an equilateral hyperbola and the sides of a 

PLANE TRIANGLE. A QUESTION IN TRIUNEARS. By Prof. WiLLIAM 

Hoover, Ohio University, Athens, Ohio. 



Electric lights for astronomical instruments. By Prof. Jefferson 
£. Kershner, Lancaster, Pa. [To be printed in Astronomy and Astro- 
Physics.] 



On the discriminators of the discriminant of an algebraic equation. 
By Prof. Mansfield Merriman, Lehigh Univ., South Bethlehem, Pa. 



On the construction of a prime vertical transit instrument for the 
determination of the latitude of harvard college observa- 
TORY. By Prof. W. A. Rogers, Colby Univ., Waterville, Me. 



Differential FORMULiB for orbit corrections. By Prof. T. H. Saf- 
FORD, Williams College, WilUamstown, Mass. 
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FBOPEB motion of BIGHTY-NINE stars "WITHIN 10° OP THR NORTR POLK« 
WITH REMARKS ON THE PRESENT STATE OF THE PROBLEM OF SOLAR 

MOTION. By Prof. T. H. Safford, Williams College, Williamstown, 
Mass. 



Meteorolooical observations made in April 1B90, 1^91, 1892, m the 

TOTALITY PATH OF THE ECLIPSE OF 1898, APRIL 16. By PtOf. DaVID 

Todd, Amherst College, Amherst, Mass. [To be printed in Amer. 
Jonrn. Sci., Oct. and Nov., 1892.] 



Increase in constant for addition, in testing for integral values 
IN the equation of quarter-squares. By JAfl. D. Warner, Brootc- 
lyn, N. y. ' 



Practical rules for testing whether a number is divisible bt 7 or 
any other small prime ; and if not divisible, to ascertain the 
REMAINDER. By Jas. D. Warnbr, Bfooklyn, N. Y. 



On the general problem of least squares. By K. S. Woodward, U. S. 
C. & O. Survey, Washington, D. C. [To be printed in Annals of 
Mathematics.] 

The iced-bar base apparatus of the U. S. Coast and Geodetic Survey. 
By R. S. Woodward, U. S. C. and G. Snrvey, Washington, D. C. 
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the answers to them more direct and emphatic. Indeed it seems 
hardly worth while longer to reply to them. The existence of the 
technical schools of the United States, England, Germany and 
France, their prosperity, the positions of responsibility and trust 
held by their graduates, the anxiety of schools of the old regime to 
open courses of instruction in engineering, — these are proofs of the 
most conclusive kind that instruction in applied science is respect- 
able, that technical education is needed, and that it is supplying a 
want which the old education was powerless to fill. 

But while old school educators have found it expedient to in- 
clude technical education in their work, they in some cases at least 
do it in a sort of semi-apologetic way, supplying what a misguided 
public wants, because the public insists on having it. They call 
such work "technical training," or "instruction in applied science," 
and say that it is not education at all. They look on the graduate 
from such courses as an inferior being, who may perhaps be worthy 
of some praise because he successfully completed a rigid course of 
study, covering the usual four years* time, and including work in 
which equestrian skill is useless ; but who is nevertheless to be 
pitied because of his want of taste in joining the plebeian throng, 
instead of seeking admission to the aristocratic circles which they 
represent. This feeling is fortunately growing less pronounced. 
The mingling of the two classes of teachers in colleges and uni- 
versities which carry on both kinds of work, and the meeting of 
the two classes of students in the class room, the debating society 
and in oratorical contests, are teaching mutual respect. In public 
discussions, also, the advocates of the old education have by no 
means had the best of the argument. The address by President 
Francis A. Walker on "The Place of Schools of Technology in 
American Education," delivered before the University convocation 
at Albany last year, contains an unanswerable statement of the 
claims of the instruction afforded by them to rank as of the highest 
educational value. After speaking of the success of such schools, 
as shown in their effect on the industries of the country, he said, 
*'I go far beyond this, and assert for these schools that they have 
come to form a most important part of the educational system of 
the country, and that they are to-day doing a work in the intellect- 
ual development of the country which is not surpassed, if indeed 
it be equaled, by that of the classical colleges. I believe that in 
the schools of applied science and technology as they are carried 
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these courses to produce scientists. The amount of work to be 
^one by the student in lines bearing directly upon his chosen work 
is so great that the four years commonly allotted to it is found all 
too short, and it is therefore necessary, in order to the securing of 
the best results, that the work set before him in any subject be 
very carefully selected and limited. The wealth of knowledge em- 
braced in any branch of science is now so great that an adequate 
presentation of what the professor would consider even an element- 
ary coui*se in it, would require many times the time which may be 
properly allotted to it. And it is perhaps well that this is true. 
The danger is that the parts of a subject which are most desirable 
for the student to know will not be recognized by him, or not made 
so thoroughly his own as to escape the erasing process which time 
so ruthlessly applies to his mental tablets. When the time of need 
comes, he finds himself in possession of a pleasant recollection of 
certain hours spent in a certain room, listening to able lectures, in 
the presence of bottles and tubes, pretty pieces of polished brass 
and hard rubber, pretty colors wonderously changing, sweet sounds 
and bad smells. He has a faint impression that sometime in the 
sequence of hours so spent, something was said which might pos- 
sibly be worth something to him now, if he could only recall it ; 
and, if he kept good notes, or used books of reference, he begins 
the weary search for something — somewhere. 

Happily for his successors on the students' bench, the evil has 
been recognized, and the remedy is being applied. But there is 
danger in the other direction also. The process of selection may 
foe so applied and instruction so given, as to present the subject as 
a series of isolated facts, disjointed, having no necessary connec- 
tion with or relation to one another ; — a sort of omnibus collection 
of scientific rules of thumb, — the result being only less nnhappy 
than in the first case. It is possible so to collect, classify and con- 
nect the chosen topics as to widen their meaning, and increase 
their practical value to the student, deepen their impression on his 
memory, making them more certainly available in time of need ; 
and also so to present them as to afford him an outline of the 
science as a science, increasing their educational value. 
" The remarks made apply to the scientific and other subjects 
which are generally considered as a necessary preparation for the 
strictly technical work which follows. The latter work is, or should 
be, in the hands of men technically trained, and experienced in 
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the practice of their branches of engineering, and the instniction 
which they gire is naturally gnided throughout by the considera- 
tion of its practical bearmg. The time set apart for the preliminary 
work, mathematics, physics, chemistry, etc., is so great that it is 
found impossible to begin the characteristic work of the course as 
early, or to treat it as fully as is desirable. The work usually 
done in mathematics is particularly worthy of mention in this re- 
spect. A knowledge of analytical mechanics and strength of ma- 
terials is considered an. essential preparation for the last year's 
work in the four engineering courses named. But to do that work, 
the student must know the elements of calculus, and that subject 
needs other preparation, the whole forming a sequence of strictly 
preparatory subjects, reaching up to the beginning of the Senior 
year. Nearly one-fourth of the time of the entire course is thus 
given up to preparatory training in one line of work only. Skill 
in certain parts of this mathematical work is certainly of great 
value to the engineer, but is that any reason why he should be 
compelled to plod or stumble through a mass of matter that has 
no bearing whatever on any part of his work? 

Heretical as the idea is considered, many are beginning to claim 
that mathematics as now taught is a stumbling block in the way 
of the engineer. Mathematical texts and courses have received 
their present form in order that they might afford the broadest 
possible foundation for the future intricate work of the mathema- 
tician, the physicist, and the astronomer. But the demand that the 
engineer should follow the same course and the same methods is as 
unreasonable as are the demands of the old classical school. How 
many engineers ever use higher mathematics in their professional 
work to-day? I venture to say that not one in a hundred does. 

Jn the practice of any one of the professions named, there is 
so little occasion for the use of anything more complex than sim- 
ple arithmetic and algebra, with an occasional sine, cosine or tan- 
gent, and logarithms, that the rest is soon forgotten. What per- 
centage, think you, of graduates can, three years after graduation, 
carry out more than two or three trigonometric transformations, 
or recall half a dozen integration formulae, or use Taylor's theorem, 
without hunting up text books? If the test could be applied, the 
percentage would be found very small. Continual practice is nec- 
essary, as in other things, if one would be ready in the use of higher 
mathematics, and the fact that successful engineers, who showed 
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considerable mathematical ability in college, confess to the loss of 
the greater part of it, of itself shows how little real need of such 
skill there is in the practi9e of engineering. But we may go far- 
ther. The engineer should be so trained as to fit him, not only for 
the successful practice of his profession, as it is when he enters 
upon it, but also so as to fit him to improve upon the work of his 
predecessors in it, to introduce better methods, if such are possi- 
ble, and to advance its science and art as far as his ability will 
allow. To what extent will skill in higher mathematics be an es- 
sential in this regard? The question can best be answered by 
the consideration of past experience. Take the case of electrical 
engineering, since it is a new and broad field, affording abundant 
opportunity for mathematical discussion, and to which the best 
mathematical skill the world has produced has been applied. A 
great store of valuable matter has been added to the science of 
physics as a result, but we search almost in vain for a single thing 
in the practice of the profession which is due to mathematical an- 
alysis of the higher order. In continuoas current work, Ohm*s law, 
the experimentally determined facts of induction, of electro mag- 
netism, and of the properties and behavior of conductors, econo- 
mic considerations requiring the use of nothing but arithmetic or 
algebra in their application, cover the entire ground of plant design, 
construction, testing, and operation. The peculiar field for mathe- 
matical skill is considered to be that of alternating current work. 
But here a close examination of facts leads to the same result. 
The alternating dynamo and the converter are what they are to-day 
because of the experimental work done on them in the laboratories 
of the factories and colleges of the United States. Most excellent 
mathematical discussions of such machines have been printed, but 
they complacently persist in doing what the discussions say they 
ought not, and in refusing to do what they ought. In the matter 
of measurement even, the methods given us by analysis are avail- 
able only under conditions rarely attainable, and in some work 
(the determination of converter efficiencies for example) , they can- 
not be depended on at all. 

With these undoubted facts in view there are only two reasons 
for the study of higher mathematics by engineering students; 
first, as a mental discipline, and second, because certain parts of 
such mathematics are helpful to him, in enabling him the more 
easily and clearly to perceive the truth of certain facts and princi- 
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pies in physics and mechanics. That the mental discipline so 
acquired is valuable, no one can well deny. If this discipline 
could be acquired in no other way, we ^should have one good ar- 
gument for retaining all the mathematical work now required of 
the student. But this is not true ; for the methods of discussion 
which must be followed in the scientific and technical parts of the 
courses are the same as those used in mathematical work, and the 
student will suffer no loss in mental discipline through the sug- 
gested diversion of a part of his time from the more abstruse parts 
of the mathematical subjects as now carried on. 

It seems clear that the best reason that can be assigned for math- 
ematical training in engineering courses is that the use of mathe- 
matical processes is essential to the mastery of the scientific prin- 
ciples underlying engineering practice. There are few problems 
arising in such practice which cannot be solved by simple arithme- 
tic or algebraic processes. If to these we add graphic methods, 
not requiring analytical skill, we have all that is necessary for the 
handling of quite difficult questions. The rule of three even is a 
very satisfactory tool in the hands of one who knows how to use it, 
and a large part of physics at least can be taught to one having 
nothing but the rule of three on which to depend. There are many 
successful engineers to-day who had nothing better to start with, and 
who find such simple processes as those named, together with the 
current engineering pocket books, sufficient for their oixiinary prac- 
tice. If such an engineer has cases to deal with which have be- 
come common, he can rely upon past practice, and use his pocket 
book of rules, tables, and formulse. But it is the unusual case, 
involving new conditions, presenting difficulties not before en- 
countered, that call for the true engineer. The man who success- 
fully meets such cases must be able to see clearly the case before 
him, to recognize its peculiarities and difficulties, to see the bear- 
ing of the scientific principles involved, and thus to work out a 
new and correct solution. It is in the ability to do this that the 
superiority of the well trained engineer over the ''practical man," 
or pocket book engineer consists. While, as stated, much scientific 
truth may be taught to one with little mathematical training, the 
knowledge that one so taught obtains, is certainly of a different 
order from that obtained by one with mathematical power. The 
truths of mechanics and physics are broad and far-reaching, and 
it is absolutely impossible to express them fully or to show their 
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bearing and relations without tlie^ use of more or less advanced 
mathematical methods. The thorough comprehension of them is 
therefore possible only to the student who has mastered such 
methods. 

Here, then, lies the claim of mathematics to a place in engineering 
courses of study. But while certain parts of the branches of pure 
mathematics now in vogue are essential to the proper training of 
engineers, it by no means follows that all the work prescribed in 
such subjects is valuable or beneficial to the student. A consid- 
erable part of the more advanced topics in algebra, trigonometry, 
and analytical geometry have no place whatever in the discussion 
of applied science, and do not fall in the category of essentials. 
A carefully selected course in mathematics for engineering stu- 
dents is much needed, and if we could have such a course ar- 
ranged by a number of men well trained in engineering science, 
with the aid of a mathematician or two in sympathy with engi- 
neering work, the adoption of such course would speedily follow, 
and result in marked improvement in the work of technical stu- 
dents. In selecting the material for such a course, the purpose 
should be to provide for the student's training in all methods which 
may possibly be needed bj^ him in his scientific or technical sub- 
jects, putting a liberal interpretation on this view. I believe it is 
possible to arrange such a course, in such a way that the time re- 
quired to cover it, as pure mathematics, from trigonometry through 
calculus, need not exceed one year. Tlie examples and problems 
necessary for illustrating the mathematical processes, and giving 
the student facility in their use,, should be drawn from appropri- 
ate topics in mechanics and physics, and if possible from the stu- 
dent's own work in the laboratory. A part of the time saved by this 
modified course should be spent in more extended problem solu- 
tion of various kinds, in drill in methods of computation, and in 
the checking and proving of results, until the student no longer 
uses long division when he wants to divide by two, loses his in- 
nate fondness for seven place tables, and always stops his calcu- 
lations short of the seventeenth decimal place. Such a modifica- 
tion will remove one of the greatest difficulties encountered by the 
average student, will make the work more attractive and more use- 
ful, because it is applied in ways whose bearing and importance 
he can see, instead of to a collection of puzzles, which, when solved, 
keep him forever guessing why they were set before him. 

I have spoken thus fully of the mathematics of engineering 
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courses, not because that is the only subject which needs revision, 
nor because it needs revision more than anything else, but be- 
cause it is the subject in which greatest opposition to change will 
be found. It is probable that I shall be charged with proposing 
to lower the standard of engineering work, by those who consider 
the standard of such courses as gauged by the amount of higher 
abstract mathematics contained in them. That was the charge 
made by old schoolmen when it was proposed to modify and 
modernize the Arts course in our colleges. We have seen exten- 
sive changes made, and more radical ones have been seriously con- 
sidered, but tlie Arts course survives, and graduates from it are 
found no less learned and able than those who preceded them. 
I feel sure that a revision of engineering courses, in mathematics 
and in other subjects as well, on the lines indicated, will be found 
to result, not in a lowered standard, either technically or with re- 
spect to educational value, but in a marked improvement in all 
respects. 

That a change from the orthodox routine of mathematical study 
is both possible and beneficial has been demonstrated by Professor 
Ferry at the Finsbury Technical College of London. He has had 
the good fortune to work in a peculiar field, an institution wholly 
nnlike anything else in England, and therefore free from educa- 
tional fashions and traditions. But for this, he would probably 
have found what he has done, impossible in England. The results 
secured by him have attracted considerable attention abroad and 
should encourage others to make a similar attempt here. 

Revision of the same sort is needed in other subjects. The 
courses in general physics and chemistry, as now given, are better 
suited to the needs of the engineer than those given ten years ago, 
but there are still many topics presented which might be omitted 
with advantage. Why should all students be taken through a long 
discussion of the theory of surface tension? What need has the 
mining engineer for the theorems of electrostatic potential, or the 
civil engineer for a comprehension of the phenomena of high vacua? 
Wliy should the mechanical engineer be troubled with the chemistry 
of storage batteries and why should the electrical engineer know 
the chemistry involved in words beginning with di — and ending two 
lines away with inef Other subjects might be mentioned, but what 
has been said is sufficient to point out existing defects, and to in- 
dicate the policy which should direct the needed revision. 

Literary subjects have generally been looked upon as valuable 
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because of the polish they are supposed to impart, and their pres- 
ence in engineering courses has often been allowed rather than de- 
aired by technical instructors. This is a mistake. The success 
of an engineer does not depend alone on his professional attain- 
ments. He may build a bridge, the building of which requires of 
him the exercise of the highest engineering talent. The bridge may 
be a perfect success, and he may be well paid for his work, but if 
he stop at that point, his work is not as successful as it should be. 
If he is also able to write a paper embodying what is new in the 
work, read it before his engineering society, take a creditable part 
in its discussion, the whole being done in neat and attractive 
language, his usefulness to his profession, to the world, and to 
himself is thereby increased, and opportunities for other and more 
difficult work are more likely to come to him than if he had not the 
ability to write and talk, as well as to build. The student should 
have literary work placed before him, and the practical value of 
that work should be pointed out and insisted on as in other sub- 
jects. He should study the principles of rhetoric and composition, 
and apply them in practice on assigned topics, in which scientific 
and technical subjects should predominate. He should read much, 
in well-chosen scientific, technical and literary lines, to increase 
his vocabulary, make him familiar with examples of good literary 
style, and help him in the formation of habits of correct and easy 
expression. He should take an active part in debating societies. 
And he should also have practice in the writing and discussion of 
technical papers, in the student engineering society. The study 
of German or French may well occupy a part of his time, though 
I should consider it more important that he should be thoroughly 
at home in the use of English. I am inclined to think that ethics 
might be made a practical subject in the engineering courses. 
What an opportunity there is for the application of practical ethics 
to wire joints and plumbers' bills. Would that the student might 
leave his college so thoroughly imbued with correct principles that 
he could never after tolerate defective or dishonest work of any 
sort whatever. 

The larger proportion of the schools which give engineering in- 
struction in this country are the state universities, which owe 
their existence to the efforts of that great statesman, Justin S. 
Morrill. Receiving their support, as they do, from the national and 
state treasuries, they at least owe it to the nation that the students 
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they send out should be fitted for good citizenship. They are 
trained to serve their country in time of war, hut it is even more 
important that their training should enable them to exert their in- 
fluence for the promotion of the general well being in time of peace. 
Grave questions confront us as a nation, and every student, in 
every course, in every college in the land, should be given in- 
struction which will enable him to form sound opinions, and to use 
bis influence effectively. A thorougli knowledge of our own in- 
stitutions and histor}', and of the general principles of political and 
social science, are essential to good citizenship, and the nation 
must look to the schools and colleges, as its most powerful allies 
in combating the errors of ignorance and vice. 

The suggestions thus far made refer to that part of the work of 
technical schools which is in the control of their faculties. The 
courses of study are framed by them, and the work of the class 
rooms is shaped by the professors individually. But the future of 
these schools depends also upon the trustees who govern them, and 
upon the public which furnishes them with means to use. The 
ideal technical school would have its courses of study arranged 
each with reference to the needs and future interests of the students 
following it, and as independent of other courses as if they were not 
in existence. The subdivision of classes would be made so great 
as to insure like independence of work, and also to insure the 
teacher's personal knowledge of the daily work of each student. 
The teachers chosen, particularly those in charge of the character- 
istic work of each course would be men well trained and with large 
experience in the practice of their respective branches, and whose 
vacations at least are spent in such practice. In this way alone 
can the fruits of ripe experience, and the best methods of recent 
practice be made available to the student. 

In laboratories, space and apparatus should be provided, which 
will enable each student to do his work without being embarrassed 
or hindered by the work of fellow students. In the advanced 
laboratory work, it is especially important that the machinery 
provided be the best of its class, and of commercial size. It is as 
ridiculous to attempt to train an electrical engineer with dynamos 
no larger than one's hat, as it would be to train a jockey on a Shet- 
land pony. The young graduate has at best much to learn when 
he leaves college, and he ought in college to be made as familiar 
as possible with the handling of machinery and apparatus such as 
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he will have to handle on leaving. The time spent in college is 
the time for learning the rudiments, for blunders and mistakes, 
and for learning how to get out of difficulties. The student who 
has and uses such opportunities, acquires a confidence in himself 
which can be obtained in no other way, and saves himself also the 
mortification and loss of prestige which invariably follow blunders 
made later. 

Such faculties, such laboratories, and such equipments are ex- 
pensive, but I believe that the material advancement of the country 
which would follow expenditures so made would prove a handsome 
return on the investment. 

It would be well if we were each able to follow the policy adopted 
by Stevens Institute under the wise leadership of Prcbident Morton, 
and confine our attention to, and expend our means in some one 
branch of engineering, one state institution taking say civil engi- 
neering, the neighboring state taking mechanical engineering and 
BO on, for it is better to do some one thing in the most perfect 
manner possible, than to attempt many things and secure only 
moderate excellence in any. But state pride makes this impossible, 
if there were no obligation expressed or implied in the terms of the 
Morrill act, to provide in each institution founded on it, instruction 
needed **in the several pursuits and professions of life." We must 
be content to see only slow progress made in directions requiring 
more money, for boards of trustees and the public also are accufu 
tomed to consider the views of professors as more or less * 'cranky," 
and professors as enthusiasts who need restraining rather than en- 
couragement. But with reason on our side, and with the splendid 
examples set before us in Germany, we may expect to rouse public 
interest and win public support in time, and to become the world's 
leaders in technical education, as we of right ought to be. 
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Persistbncs of yisiox. By Prof. Ervin S. Fbrrt, Cornell University, 
Ithaca, N. Y. 

[ABSTRACT.] 

The object of this series of experiments "was primarily to test the va- 
lidity of the hypothesis advanced by Platean and Nichols that the duration 
of retinal impression depends upon the color of the light entering the 
eye, and secondarily to determine the principal factors producing persist- 
ence of vision and the laws connecting them. 

The duration of retinal impression was measured for various wave 
lengths tliroughout the entire visible normal spectrum and the values thus 
obtained platted in curves showing relation between wave length and du- 
ration of retinal impression. 

Fig. 1 is for the case of the normal eye, in which the separate curves 
are for spectra of different luminous intensity varying from one to twenty- 
four. Fig. 2 shows the distribution of luminosity, as seen by the normal 
eye, of the incandescent lamp that was used as a source of light. Fig. 3 
gives the values of retinal persistence for the spectrum as seen by a red- 
blind person. Fig. 4 is the corresponding case for various green-blind 
observers. 

From the data derived from these experiments is deduced the following 

SUMMARY OF RESULTS. 

I. The duration of retinal Impression is very different for different re- 
gions of the spectrum, being at a minimum value at the region of maxi- 
mum luminosity and gradually increasing to maximum values at the ends 
of the spectrum. 

II. If the luminosity of any region in the spectrum be so changed that 
the values vary in geometrical ratio, the corresponding values of duration 
of Impression will approximately vary inversely in arithmetical ratio for 
regions of ordinary brightness. 

III. Color has, at most, very slight influence upon retinal persistence. 
Luminosity, including the brightness of the light and the retinal sensi- 
tiveness, is the all- important factor. 

lY. For ordinary values the following empirical law is approximately 
true: Betinal persistence varies inverseljf as the logarithm of the luminosity. 

O'' ^ 

n»log,C 
A. A. A. 8. VOL. XIl 6 (81) 
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burner is practically the same as an oxhydrogen blast lamp, gas being 
used in the central tube and oxygen on the outside. The flame obtained 
is quite sensitive when connected with a manometric capsule, and is of 
high actinic power. Photographs are obtained by throwing the image of 
the flame upon a rapidly moving plate. 

The results so far obtained consist of preliminary analyses of all of 
the vowel sounds, and a rather complete study of the vowel A as in father. 
About fifty negatives have been taken of the flames produced by this vowel 
as sung by difl'erent voices and at diffbrent pitches. With male voices of 
the ordinary pitch I obtain a characteristic overtone of practically the 
same pitch as that given by Konlg; but in the case of voices that are nat- 
urally high the overtone seems to be also of a somewhat higher frequency. 



Tub distribution op rneroy in the spectrum of the glow-lamp. By 
Prof. Edward L. Nichols, Cornell University, Ithaca, N. Y. 

[ABSTRACT.] 

The apparatus used in this investigation consisted of a galvanometer of 
high sensitiveness, a linear thermopUe of ten Sb-Bi junctions and a spec- 
trometer. Upon the table of the last named, was placed a bisulphide of 
carbon prism with thin glass faces. For the eyepiece of the observing 
telescope, the thermopile could be substituted, the adjustment being such 
that its face would correspond with the position of the cross hair. The 
prism was calibrated in the visible spectrum, by means of the Fraunhof er 
lines. A Cauchy formula was obtained by means of which wave lengths 
in the infra red to S.O.a could be determined accurately. (Rubens has re- 
cently shown that bisulphide of carbon follows the Cauchy formula with 
great exactitude throughout the spectrum.) 

Three lamps were tested. (1) An Edison lamp, untreated fllament of 
black but shining surface. (2) A lamp with an especially prepared flla- 
ment the surface of which was of lamp black. (3) A fllament precisely 
similar to (2) viz., of nearly circular cross-section, but built up by treat- 
ment in hydrocarbons so as to present a silver gray surface. 

The results obtained cover a range from .5fJL to S.Ojjl with energy ex- 
pended in the lamps, between 1-5 watts and 85 watts. It is found that 
the energy curves for black and gray carbon are distinct, the Edison curve 
being of the former class. The position of the maximum and its change 
with the degree of incandescence is also brought out graphically by means 
of the curves. 



The absorption spectra op certain substances in the inpra-red. By 
Ernest F. Nichols, Cornell University, Ithaca, N. Y. 
[abbtkaot.] 
The apparatus used in this investigation was an ordinary spectrometer 
in- which the fllament of an incandescent lamp was used instead of a slit. 
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The substances were interposed between the lamp filament and the colli- 
mating lens of the spectrometer. Dispersion was produced by a carbon 
bisulphide prism calibrated for Fraunhof er lines in the visible spectrum 
and the Cauchy constants computed for the infra-red calibration. The 
energy was measured by a linear thermopile in circuit with a galvanometer. 
The thermopile was interchangeable with the spider line in the eyepiece 
of the spectrometer. 

The substances investigated were : water, potassium alum, ammonium 
iron sulphate, a weak solution of oxyhemoglobin, absolute alcohol, chlo- 
rophyll in alcohol, plate glass, hard rubber, cobalt glass. 

The results are shown by curves platted in two different ways : one way 
showing the relation of percentage of transmission to wave length, and 
the other platted to show the relation between wave length and percent- 
age of transmission using the ordinates of the energy curve of the source 
everywhere as unity so that the ratio of the area of the curve thus platted 
for each substance to the area of the energy curve of the lamp should give 
the percentage of total transmission. 



Further bxpbrimients on thk spbcifig inductivb capacttt of elbctro- 
LTTES. By Prof. Edward B. Rosa, Mlddletown, Conn. 

[ABSTRACT.] 

In a paper read before the American Association for the Advancement 
of Science at Indianapolis, I showed why electrolytes may be considered 
to have a genaine specific inductive capacity, nothwithstanding the fact 
that they are conductors of electricity. The subject has been studied 
anew and further experimental evidence adduced for this conclusion. 

It is well known that a dielectric in a variable electrical field tends to 
move into regions where the electric force is greater or less according as 
the specific inductive capacity of the body is greater or less than that of 
the medium. For example, glass and sulphur in air move toward the 
regions where the force is greater. In water and alcohol it moves much 
more strongly in the opposite direction. Carbon moves toward region of 
stronger electric force, and exerts greater force in so doing in media of 
larger values of K. In alcohol the force exerted is twenty-five or thirty 
times greater than in air, and in water fully seventy times greater force 
than In air. This is a measure of the specific inductive capacity of water, 
and agrees very well with results found before by a different method. The 
same method gives the specific Inductive capacity of ether, petroleum oils 
.and other liquids having a smaller value of K. 

In the paper the mathematical theory of the problem is given, the field 
consisting of lines of force and equipotential surfaces which are circles, 
intersecting orthogonally, being due to two oppositely charged parallel 
wires. The dielectric or conductor in question is suspended by a torsion 
balance in the neighborhood of these electrodes, and the force exerted 
upon it is measured. 



Digitized by 



Google 



PHYSICS. 85 

The conclusions by this Independent method verify those announced two 
years ago. 
[This paper will be printed In London Philosophical Magazine.] 



On thk dispersion of radiations of great wave length in rock salt, 
siLViTB AND FLUORSPAR. By Hbinrich Rubbns and Prof. Benj. W. 
Snow, Bloomlngton, Ind. 

[AB8TBA0T.] 

The thin and perfectly uniform layer of air, enclosed between a plate 
of fluorspar and a plate of glass, served as a reflector for the radiations 
from the zirconia lamp of Linnemann. The two resulting beams of light, 
one reflected from the front and one from tl^e rear surface of this air fllm, 
were .capable of producing mutual interference, and caused, when con- 
centrated upon the slit of a spectroscope, the otherwise continuous spec- 
trum to be crossed by a series of vertical interference bands. The wave 
length X of each dark band, multiplied by a certain whole number, is al. 
ways equal to the product of twice the thickness d of the layer of air and 
the cosine of the angle of incidence a of the rays as they fall upon the di- 
athermous fluorspar plate. Within the limits of the visible spectrum the 
wave lengths of these dark bands can be determined by means of a cali- 
bration with the Fraunhofer lines, and from this data the order m of the 
interference band and the constant k ^ 2d cos a may be calculated. The 
knowledge of. these two constants is sufScient to flx the wave lengths of 
the interference bands in the infra-red, the positions of which were deter- 
mined with the aid of the linear bolometer. In this way for a series of 
angular deviations the corresponding wave lengths were measured, that 
Is, a number of points were located in the X — ^ plane and the smooth 
curve joining them gave the required curve of dispersion for the sub- 
stances under investigation. 

Prisms were cut from the three substances, rock salt, the correspond- 
ing crystallized potassium chloride, and fluorspar, and the character of 
the spectrum produced by each mineral was studied in the manner Just 
described. In each case it was found possible to reach a wave length a 
little greater than 8^, beyond which point the energy became too feeble 
to be measured. Especially is it of interest to compare our curve of dis- 
persion for a rock salt prism with the calibration of this material made 
by Professor Langley. As is well known his observations from about 
2 ;a to ^ = 5.3 fjL fell almost exactly upon a straight line, and as a calibration 
beyond this point was impossible, his values for greater wave lengths 
were assumed to be given by exterpolation, according to this same law. 
Our own measurements gave a curve of very nearly the same character 
^ between X'= 2fi and X = 6/1. Here, however, the inclination of the curve 
to the horizontal axis of wave lengths begins gradually to lessen, and at 
Xs=Sfi the eflfect of this curvature is so considerable that a straight line 
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exterpolatlon from A = 6yt£ on would Introduce an error amounting at least to 
1 fi. It is, therefore, beyond a doubt that Langley's wave lengths between 
il = 5ju and X = %fi are considerably greater than he assumed them to be. 

The dispersion in crystallized KCl, silvite, in the visible spectrum is 
hardly less than that in rock salt, but decreases rapidly in the infra-red, 
and at A = 8;e£ has a value only about one-third that in rock salt, so that 
this material, notwithstanding its many good qualities, is but poorly adapt- 
ed to the measurement of very long wave lengths. 

The direct reverse is true of fluorspar. The dispersion in this material 
in the visible spectrum is exceedingly small, and continues to decrease as 
far as A = 2ju ; but at this point the curvature of the curve changes, the dis- 
persion increases as the wave lengths become longer, and at A » gpi reaches 
a value but little inferior to that in the red. 

As compared with rock salt and silvite, the dispersion in fluorspar in 
the visible spectrum is very small, but in the infra-red is many times 
greater than in these latter materials, so that this substance is well adapted 
to produce prismatic heat spectra, a property whose value is increased by 
the convenience with which it can be worked as well as its durability in 
the air. 

[This paper will be printed in Wiedemann's Annalen.] 



On thk distribution of energy in the spectrum op the arc. By Prof. 
Ben J. W. Snow, Bloomington, Ind. 

[AB8TKACT.] 

By means of a lens, enlarged images of the electric arc and of the car- 
bon points of the electric lamp were projected upon a screen placed im- 
mediately before the slit of a spectrometer. A small rectangular opening 
in this screen allowed the sUt to be Illuminated only by the light coming 
from the central portion of the spherical arc, the light from the carbons 
and from those portions of the arc nearest the carbons being intercepted 
by the screen. The cross hair in the eye piece of the instrument was re- 
placed by the sensitive filament of a linear bolometer, which affbrded a 
means of investigating the distribution of energy in the spectrum of the 
arc itself without the superposed spectrum of the incandescent carbons. 
A flint glass prism of high dispersion was used to analyze the light, and was 
calibrated according to the method described in the preceding paper, llie 
energy curve, plotted with galvanometer deflections as ordlnates and 
wave lengths as abscisssB, gave the distribution of heat in the various 
portions of the spectrum of the arc. This curve has two maxima lying 
in the region of the H lines, and flve weaker maxima beyond the red, the 
visible spectrum being noticeably deficient in thermal radiation. 

One of the interesting points shown by this curve is the fact that the 
maximum of the energy in the arc, as indicated by the bolometer, lies be- 
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jond the H lines so far in the ultra violet as to exert only a feeble effect 
upon the eye, while the optically brighter band in the violet represents a 
smaller expenditipe of energy. 
[This paper -will be printed in Wiedemann's Annalen.] 



Ok ths infra-red spectra* of the alkaijbs. By Prof. Benj. W. Snow, 
Bloomington, Ind. 

Tabstraot.] 

To investigate the spectra of the metals, the apparatus described in the 
previous paper was used with the single modification that the carbons 
8™ in diameter were bored out, and the cavities 8°»™ in the positive elec- 
trode and li™™ in the negative were filled with the chloride of the metal 
to be studied. The heated carbon points caused the salt in question to 
boil and to send a constant and uniform stream of metallic vapor di- 
rectly into the arc, so that the latter lost its usual violet color and assumed 
the characteristic color of the salt under investigation. The bolometer 
filament was then moved through the spectrum, and the distribution of 
energy measured as before. These results, when plotted, gave curves 
wholly different in character from that of the electric light, for the char- 
acteristic band spectrum of the arc had disappeared entirely and was re- 
placed by the truly Une spectrum of the metals . In this way the visible and 
infra-red spectra of the five alkalies were explored and their intensities 
measured. The results obtained were then compared with the values cal- 
culated with the aid of the formula of Eayser and Runge, and in many 
instances close coincidences were observed ; in other cases, however, wide 
discrepancies occur, so that these measurements can hardly be looked upon 
as a verification of Eayser and Bunge's formulas. 

[This paper will be printed in Wiedemann's Annalen.] 



An experimental comparison of formula for total radiation be- 
tween 16° C. AND 110° C. By W. Le^ontb Stevens, Rensselaer Poly- 
technic Institute, Troy, N. T. 

[ABSTRACT.] 

The principal object of this investigation was to compare two formulae, 
one by Professor Stefan, of Vienna, the other by Prof. H. F. Weber, of 
Zfirich. Two other formulae were also taken into account, one by Dulong 
and Petit, the other by Rosetti. 

An account is given of the method of work adopted, and the formula 
obtained, by Dulong and Petit. The same is done for Rosetti, Stefan 
and Weber. 

A description is given of the apparatus employed in the present work 
and the precautions applied to secure accuracy. From the large number 
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of tables of measorefment, selections are given, and' these tables are dis- 
cussed. Cnrves are given, showing the relative accoracy of Stefan's and 
Weber's formulaB between 16° and 110° C. as tested by experiment, and 
finally carves are given, compoted from each of the four formols, from 
0° to 800° C. 

Incidentally at the close a comparison of the emissive powers of iron 
and copper is afforded from the experiments already cited. 

[This paper will be printed in the American Journal of Science.] 



On the constancy of volums of ibon in strong magnetic fields. By 
Frof . Frank P. WnriMAN, Adelbert College, Cleveland, O. 

[AB8TBACT.J 

Rrfetition of an experiment of Joule, who determined that the volnme 
of iron when magnetized remained invariable, though the length increased. 

It has since been shown by Bidwell and others that on increasing the 
strength of the magnetic field, iron reaches a maximum in length, then de- 
creases below its length when unmagnetized, seeming to tend toward a 
minimum. It seemed worth while to examine afresh the question of the 
change of volume under strong magnetization. The apparatus was simi- 
lar to that used by Joule. The magnetic field was carried up to about 
750 c. g. s. units, at which quantity iron, according to BidweU's results, 
has nearly reached a constant minimum length. 

The delicacy of the apparatus was such that a change of volume of 
1 : 30,000,000 could be detected. 

The experiments show that Joule's results hold good for stronger fields 
also, and that there is no notable change of volume in iron up to the mag- 
netization noted above. 



Some difficulties in the Lbsage-Thombon grayttation-thbory. By 
Prof. J. £. Oliver, Ithaca, N. Y. 

[ABSTRACT.] 

This paper is merely supplementary to Maxwell's statement and criti- 
cism of the theory, Snc. BrU., art. Atom. 

Lesage's corpuscles make up what, for brevity, we will call "the gas," 
though we may find that thermally it behaves less like known gases than 
has been claimed. Denoting hydrogen at standard pressure and temper- 
ature by H, let us write /?, m, v, 2, d, for the density of the gas and for 
the mass, velocity, length of mean i>ath, and so-called ** diameter" of a 
mean corpuscle, — ^the corresponding quantities for H being taken as units. 
This, for our rough work; for the velocities, etc., would not be uniform. 
Let k be the average loss, per unit, of momentum in the initial direction 



Digitized by 



Google 



piItsics, 89 

of flight, for corpnscles striking the earth vertically. Take ife=.001 
which is large enoagh to displace Jupiter abont 10" at quadratures; and 
2 s, 4X lO*', which brings the free path within Neptune's distance. (This 
k Is too large, and I far too small, unless we concede a greater failure of 
Newton's law for solar masses and interstellar distances.) Take the sun's 
disk as covering gxrooo of the celestial hemisphere, his ^ as 28 times the 
terrestrial ^, and his attraction for the earth as equivalent to 28000 at- 
mospheres' pressure on the earth's central plane section : then, since the 
sun's and earth's volumes are each f of a circumscribed cylinder, and sibce 
corpuscles coming from the sun have for our purpose twice the average 
effectiveness as due to direction, while for this comparison the ik of air 
pressing against Its containing vessel may be called 2, 

.-. (.001)« X 28 X (})• X g^Vd X /> ©• -r 2 = 28000, 

.•./>»« = 2 X 10»* = 2 X 10« X *-•, 
i.e., the gas-pressure throughout space would be 2 X 10'^ atmospheres. 

Should the force between atom and corpuscle increase, with diminishing 
distance, even as rapidly as intermolecular forces appear to do, then the 
swiftest corpuscles would shoot through the earth with least loss of di- 
rected momentum ; thus diminishing or reversing the Lesage effect, and 
not only requiring /do* to be still larger but probably making gravitation 
a complex function of the masses and sometimes repulsive. This difficulty 
appears very serious, unless we adopt the vortex-atom theory ; but, waiv- 
ing it, let /9 » 1 for instance : then though the gas within the sphere of 
Neptune's orbit has about sixteen million times the sun's mass, and the 
gas within our own star-cluster has over 10*' times the visible cluster's 
probable mass, yet the velocity v is 100 times that of light, and the flight- 
energy lost in ,|,\r^ of a second by the gas within the earth while traversing 
a diameter would suffice to heat up the earth's weight of hydrogen almost 
2kpv* X 278° -7- earth's density, or over 10* degrees. 

Maxwell considers this rapid loss to be almost fatal. It demands an 

immense heat-capacity in every corpuscle to carry off the heat of encounter ; 

whereas the corpuscle's minuteness, and its great quasl-density mcP*, 

' would rather suggest simple structure and small capacity. In fact, since 

IpcP = TO, .-. md-^ aa r/> • y^jn^ wherein m«» should not very greatly dif- 
fer from the ratio which the average heavenly body's absolute tempera- 
ture bears to that of 0® C. ; .•. probably md"' > lO**/?- 

Again, by the kinetic theory, mo' for the gas should be less than for 
some astronomical bodies if greater than for others: — Whence for some 
bodies k would be negative and gravity repellent; and in general, gravity 
would depend upon temperature as well as upon mass and distance. 

Finally, we cannot identify the gas with luminif erous ether : for its free 
paths inmiensely exceed the wave-lengths, and^ its corpuscles fly with 
many times the wave-velocities. 

Thus in various ways the hypothesis appears not^to accord with what 
we know of Nature. 
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THE MICRO' OBQANISMS OF THE SOIL. 



Thb high office with which yoa have honored me entails the de- 
livery of an address, which I keenly feel I cannot give in keeping 
with the standard set by my distingaished predecessors. 

Fermentation, though observed since prehistoric times, is perhaps 
less understood than any process with which chemistry has to deal. 
The exciters of fermentation are rendered exceedingly difficult of in- 
vestigation, because they, like all living things, are subject to physi- 
ological, or more especially, pathological functions of life ; they are 
so sensitive that any abnormal influence either changes their whole 
mode of existence, or destroys it altogether ; a medium suitable to 
the life of one special kind is changed by it into products which cease 
to sustain it, but can nourish a lower class of organisms, whereby 
concomitant fermentations arise, whose united effects are fre- 
quently such as to modify completely those produced by each sep- 
arately* j ,and for this reason have the specific actions of some 
ferments either totally escaped observation or been misconstrued. 
Every succeeding year brings additional proof of the important 
role played by these minute organisms; and to such an extent, es- 
pecially has this been the case in connection with the rendition 
of available nitrogen, that there are good reasons to believe that 
a clearer comprehension of the actions of the soil ferments will dis- 
sipate all the anxiety chemists now entertain as to a gradual dim- 
inution of this so essential nutrient. 

To Hellriegel, Wilfarth, Wollny, Engelmann, Winograwdski, 
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mal fermentations. Both he and Stahl regarded a ferment as a body 
endowed with a motion peculiar to itself, which it imparts to the 
fermentable matter. Stahl, in 1697, advanced the following the- 
ory : "Under the influence of the internal motion excited by the 
ferment, the heterogeneous particles are separated from each other, 
re-combining so as to form more stable compounds, including the 
same principles but in different proportions. Putrefaction is but 
a particular case of fermentation." This theory remained unchal- 
lenged eighty years. 

Lavoisier, by applying the new methods of organic analysis he 
had invented, quantitatively ascertained the relations between the 
fermented matter and the products. 

Guy Lussac considered oxygen the sole cause of fermentation, 
putrefaction and decay, by transmitting its motion to the ferment 
and this again imparted its motion to the loosely combined fer- 
mentable mass. 

The present theories of fermentation originated with Schwann 
and Pasteur. It took a century and a half before the experiments 
which led up to Schwann's theory found a scientiflc explanation 
by the work of this chemist. Leuwenhoeck had, in 1680, already 
noticed tliat beer yeast was composed of small spheroid globules. 
Cagniard de Labour declared 3*east a plant and the exciter of fer- 
mentation. 

Schwann's experiments were made to determine the possibility 
of spontaneous generation. He found that fermentable fluids, 
when first heated in closed vessels in the presence of oxygen, to 
the temperature of boiling water, would not ferment. This dis- 
proved Guy Lussac's theory that oxygen caused fermentation. He , 
next showed that purified air or oxygen passed into a sterilized 
fermentable fluid did not induce fermentation ; but that this set in 
with the introduction of ordinary air. He concluded from these 
experiments that the air was not the exciter, but simply the me- 
dium containing it, and that in the floating particles of the atmos- 
phere were organisms capable of developing in the fluid ; should 
these be killed by heat, fermentation would not take place. In 
his examination of these organisms, although his methods were not 
absolute, his conclusions that alcoholic ferments are of a vegetable 
nature were correct. 

Instead of general acceptance, Schwann's theory received but 
little i*ecognition. 
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Schultze's metliod of first passing the air entering a sterilized fer- 
mentable fluid through oil of vitriol, and that of Schroeder and 
Dusch of filtering it through cotton can be regarded as modifica- 
tions of Schwann's experiments. All these experiments conclusively 
sliow that the particles in the atmosphere are the exciters of fer- 
mentation but do not render them visible. 

Pasteur spurred on by the same motive as Schwann — namely, to 
determine the question of spontaneous generation — ^made a simple 
modification of Schroeder and Dusch's experiment, by substituting 
gun-cotton and achieved most remarkable results. The gun-cot- 
ton, containing the particles filtered from the air, was dissolved 
in ether under the microscope and now for the first time the organ- 
isms could be thoroughly examined. 

Tyndairs well-known experiment, with the air-tight box coated 
with glycerine, demonstrated that gravity alone can purify the at- 
mosphere so as to debar fermentation from setting in. 

Fasten i*'s theory is that, ^Hhe chemical act of fermentation is 
essentially a correlative phenomenon of a vital act, beginning and 
ending with it ; there is never an alcoholic fermentation without 
there being at the same time, organization, development, multi- 
plication of globules, or the continued consecutive life of globules 
already formed." 

The following few examples will serve to show that the slight- 
est changes in nutrients may render them worthless as such to 
certain ferments and available to others. Organic substances, show- 
ing optical rotation, chiefly exist alieady formed in the animal or 
vegetable organisms, or they can be easily obtained from such sub- 
stances formed during vital processes. 

When these substances are made synthetically, they are chemi- 
cally and physically similar to the natural isomers, but usually do 
not rotate the plane of polarized light. This leads to the belief 
that these synthetical products consist of active and inactive mole- 
cules in such proportions as to neutralize each other. 

Pasteur^ verified this hypothesis by splitting inactive racemic 
acid intodextro tartaric acid. Neutral ammonium racemate, in a 
solution to which the proper inorganic salts had been added, was 
fermented by means of Penicillium glawium and beer yeast. The 
dextro tartaric acid was consumed and the laevo leH. 

Lewkowitch^ took inactive mandelate of ammonia, employing 
either Penicillium glaucum or Bacterium termo; in each case at 
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the end of several weeks all the flaids showed more or less dextro 
rotation. Natural mandelic acid from amygdalin is laevo-rotary ; 
therefore here, as in Pasteur's experiment with racemic acid, it 
showed that the organisms consumed the naturally produced iso- 
mer. 

S<ic. elUpsoideus and split fungi consume;the dextro and leave 
the laevo. The dextro has the same positive as the laevo nega? 
tive rotation. The melting points and solubility of the right and 
left are the same, yet we see that these substances chemically and 
physically the same, save in their opposite rotatory powers, can 
serve in one case as nutrients to certain organisms and in the other 
are worthless as such. 

THE HICRO-OROAKISHS OF THE SOIL. Socchse.^ 

These organisms, according to their actions, can be divided into 
three groups: those oxidizing constituents of the soil; those re- 
dncing or destroying the same ; and, lastly, those by whose activity 
the soil is enriched. As regards the first group, the oxidation can 
take place in two ways — they can either oxidize by assimilating 
the organic substances of the soil and reducing them to carbonic 
acid and water, in order to obtain the necessary heat and energy ; 
or they can oxidize by giving ofToxygen. The first may be termed 
intra-cellular, and the second extra-cellular acting organisms, 
Amongst the intra-cellular we have, primarily, the usual ferments 
of decay, which assimilate and respire at the expense of the carbon 
compounds. In some cases the organisms have accommodated them- 
selves to seemingly most remarkable materials for respiration, the 
combustion of which affords the necessary heat. Thus the iron 
bacteria of Winograwdski* require ferrous carbonate for their 
life and development, oxidizing the same to oxid. This can be 
physiologically interpreted as a respiration process, the protoxid 
of the respiration material becoming the oxid of respiration pro- 
duct. 

The sulfur bacteria are equally remarkable. Their cells are 
distinguishable by containing from time to time granules of amor^- 
phous sulfhr. These organisms were formerly regarded as causing 
the formation of hydrogen sulfid in sulfur springs. 

Winograwdski' claims the reverse to be the case. Tbey do not 
produce hydrogen sulfid but consume it, burning it partially first 

A. A. A. 8. VOL. XLI. 7 
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to sulfur (which deposits in the cell) and water, then completely 
to sulfuric acid, which passes out and forms sulfates from the car- 
bonates of the surrounding water. When no more carbonates are 
present, the combustion of sulfur to sulfuric acid ceases. Physio- 
logically this is also a process of respiration directed towards gene- 
rating heat and energy ; hydrogen sulfid is the respiration material 
and sulfuric acid the respiration product. 

Olivier^ does not agree with Winograwdski, and De Rey Pailhade^ 
claims the existence of a substance philothion in many plants and 
animal tissues, capable of converting sulfur in the cold to hydrogen 
sulfid. 

Certain nitrification ferments can be regarded as intra-cellular. 
They may take up ammonia and give it off as nitrates, this process 
ceasing as in the case of the sulfur bacteria, when no more car- 
bonates are present. 

We now come to the discussion of two ferments, the concomi- 
tant actions of which have heretofore caused much confusion. 
Schloesing and Miintz were the first to observe nitrifying ferments, 
but to Warrington and Wlnograwdski belong the credit of isolat- 
ing the nitrous from the nitric ferment, and also the striking dis- 
covery of a colorless organism, capable of existing and performing 
its functions, in a medium totally devoid of organic material — and 
83'nthetically producing organic bodies, independent of sunlight. 
The importance of this discovery cannot be over-estimated. 

Warrington^ obtained organisms from meadow soil, cultivated 
in a solution of ammonium chlorid and calcium carbonate, which 
oxidized ammonia to nitrous acid but had no effect on nitrates. 
Assimilating the carbon of the carbon-dioxid, they require no or- 
ganic substance for sustenance. They obtain from the oxidation 
heat of ammonia the necessary energy to dissociate the carbon- 
dioxid. 

Wlnograwdski^ obtained the same ferment employing one gm. 
ammonium sulfate, one gm. potassium phosphate dissolved in one 
litre Zurich water to which he added basic magnesium carbonate. 
Afler inoculating the sterilized fiuid with the nitrifying agent, every 
trace of ammonia disappeared the fifteenth da}'. (He describes 
this ferment as being an elongated ellipsoid, the smaller diameter 
0.9-1 mkr., the larger 1.1-1.8 mkr.) The organisms congregate 
about a piece of carbonate, cover it with their gelatinous mass, 
and as the carbonate disappears the cells take the shape thereof. 
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AUlioagli the two investigators do not quite agree as to the 
morphological attributes of the ferment, Warrington arrived at the 
same conclusions as Winograwdski. 

Winograwdski'o has at least succeeded in isolating the ferment 
which converts the nitrites into nitrates. He employed gelatinous 
hydrate of silica, impregnated it with a fluid containing cultivated 
nitrous ferment. This medium was next inoculated with strongly 
nitrified soil from Quito ; shortly afterwards two different organisms 
formed respective colonies ; one of these was the one sought for. It 
was composed of irregularly shaped rods, dissimilar to the nitrous 
ferment of the same soils. He has since found this ferment in 
many other soils ; it is capable of converting solutions of nitrites 
into nitrates. 

Strange to say the isolated ferment from Quito does not oxidize 
ammonia ; it produced neither nitrites nor nitrates when sowed in 
ammoniacal fluids easily nitrified by the nitrous ferment. 

In normal soils the nitrate ferment only produces nitrates even 
in the presence of a large quantity of ammonia, which does not re- 
tard the oxidation of the nitrites immediately after their forma- 
tion. 

MiJntz^^ claims the existence of an ammoniacal ferment in the 
soil, which converts organtc nitrogen into ammonia, preparatory to 
nitrification. 

EXTRA-CELLULAR OXIDATION. 

In order to oxidize outside of the organisms, oxygen must be 
evolved by an assimilation process. Assimilation as an oxidizing 
cause, for conditions prevailing in the soil, has heretofore received 
no significance, since the evolution of oxygen, according to the 
generally accepted theories, depended upon light and chlorophyll, 
consequently the produced oxidation could only occur on the ex- 
treme outer surface. An exception to this heretofore unrestricted 
rule has been found by Engelmann, as well as one by Heraus. 
According to Engelmann, ^^ Bacterium photametricum sharply 
discriminates between lights of different intensity and wave lengths. 
The infiuence of light upon the bacteria is directly proportionate 
to the intensity. When the intensity is suddenly decreased, the 
bacteria shoot backwards with opposite rotation (the author call- 
ing this a terror motion) ; consequently a well defined illuminated 
spot, in an otherwise dark drop, ser^'es as a trap for these bacteria. 
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They cannot leave, sincd the terror motion cAuses them to move 
back into the illaminated field as soon as they come to the dark 
outline. 

The mobile forms principally congregate in the ultra red rays, 
1. 6., physiologically in darkness, and in these, as in the visible parts 
of the spectrum, in places closely corresponding to the absorption 
bands of bacter^opurpurin. This constant ratio between absorp- 
tion and photokinetic action clearly indicates that the prime effect 
of light is equivalent to the carbon-dioxid dissociating processes 
of plants containing chlorophyll. 

The bacteriopurpurin is a true chromophyll, inasmuch as it con- 
verts the actually absorbed energy of light into potential chemical 
energy. When lights of different color were employed, the evolu- 
tion of oxygen increased with the absorption of light by the pur- 
ple bacteria. This shows that the power of developing oxygen is 
not the specific property of a certain coloring matter, as these or- 
ganisms contain no chlorophyll. 

It is not surprising, therefore, that other organisms, either col- 
ored or uncolored, be found to possess the property of assimilating 
carbon in the absence of light and evolving oxygen. Such a dis- 
covery has now been made — Hueppe*^ substantiating a communi- 
cation from Heraus that certain colorless bacteria produce from 
humus and carbonates, in the absence of light, a body closely re- 
sembling cellulose. Oxygen is liberated but remains unobserved, 
as it is immediately used to oxidize the anmionia to nitric acid. 

The next question is to what extent do the oxidizing organisms 
partake in the oxidation phenomena actually taking place in the 
soil? According to E. Wollny,^* the oxidation of carbon-dioxid 
is almost completely to be attributed to the activity of small organ- 
isms, of which Adametz^^ estimated that there are about 500,000 
to 1 gr. soil. As in all such experiments, this conclusion is based 
upon the fact that no evolution of carbon-dioxid takes place or is 
forced to a minimum in a sterilized soil, under otherwise favorable 
conditions. 

LIBERATION OF COMBINED NITROGEN. 

This may take place during putrefaction under the greatest pos- 
sible exclusion of oxygen or during decay in the presence of oxygen. 
It does not necessarily occur in all cases or may not be observed 
owing to a reverse concomitant process, t. e., the fixation of nitro- 
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gen. Nitrogen losses can be expected during decay on account of 
the action of the produced nitrous acid upon the amidlike dissocia- 
tion of humous bodies as well as in the formation of easily dis- 
sociable ammonium nitrites. A peculiar case of the disappearance 
of available nitrogen exists in the reduction of nitrates as noticed 
by Springer,*^ Gayon and Dupetit,^"^ and Deherainand Marquenne.^^ 

ORGANISMS BT WHOSE ACTIYITY THE SOIL IS ENRICHED IN NriROQBN. 

A distinction must be drawn between the higher and lower plants. 
It is a well-known fact that most plants cannot assimilate free ni- 
trogen; whereas there are sound reasons for the belief that the 
legumes are exceptions to this rule. The explanation has been 
sought in the tubercles. These tubercles contain a tissue, consist- 
ing of thin walled cells, filled with an albuminous substance, con- 
sequently they are richer in nitrogen than the roots. They have been 
regarded by some as pathogenic growths; by others as reserve 
reservoirs for albumin. We may now conscientiously assume that 
these tubercles arise through exterior infection and that they are 
not normal growths. 

HellriegeP** and Wilfarth, in their great work, state : — *'The le- 
gumes deport themselves quite differently from the non-leguminous 
plants respecting the assimilation of nitrogen, whereas the latter 
for their nitrogen needs are totally dependent upon the nitrogen 
compounds present in the soil, and their development proportional 
to such disposable supply — ^the legumes have, besides the soil ni- 
trogen, a second source from which they can abundantly cover any 
deficiency existing in the first. This second source is free atmos- 
pheric nitrogen. The legumes attain this power by the cooperation 
of active living micro-organisms. The mere presence of any low 
organisms in the soil does not suffice to make the free nitrogen 
serviceable, but it is necessary that certain kinds of organisms en- 
ter into a symbiotic relationship with the legumes. 

Lupines acquire nitrogen like the other legumes. They starve 
in a soil free from nitrogen when the presence of low organisms 
is excluded ; but when this is not the case, their growth is normal. 
The experiments were carried on in sand containing a suitable nu- 
tritive solution. Some of the pots were sterilized ; to some infus- 
ions from soil were added. In all those, and in only those, to which 
fresh infusions of lupine soil was added the lupines developed nor- 
mally, bearing the well-known tubercles on their roots and con- 
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tained, when harvested, conspicuously larger amounts of nitrogen, 
than the soil and infusion could have given them. Wherever the 
infusion had not been added, or where it had been sterilized at 100° 
or even TO'', the development remained abnormal, the production 
scant ; tubercles remained absent and the harvested plants contained 
less nitrogen than had been offered them." 

According to Ward,^ Breal*' and Pradmowski,® tubercles will 
grow on plants free from them when infected with an infusion from 
tubercles of other plants. 

Beyrenick^ has named the infecting organisms, of which there 
may be many varieties. Bacterium radicola. With the growth of 
the tubercles the behavior of the plant towards nitrogen is changed 
and the independence just mentioned begins ; this has been proved 
by an almost superabundance of experiments. Still, the explana- 
tion of the manner in which the nitrogen is acquired is not definitely 
settled. The first inference would be that the root-inhabiting bac- 
teria possess the power of assimilating atmospheric nitrogen, and 
the higher plants, as hosts harboring these bacteria in their roots, 
can make use of the nitrogen compounds so produced. Thus there 
would exist a case of symbiosis between split fungi and the higher 
plants. We cannot be too slow in accepting this seemingly simple 
explanation — still, the difi^culty of a correct interpretation does not 
alter the fact, that the legumes acquire free nitrogen from the at- 
mosphere, and that the refuse of their roots thus enriches the soil. 
They may be called nitrogen collectors in contradistinction to the 
graminaceous nitrogen consumers. 

Berthelot^^ has long contended that the free soil can fixate nitro- 
gen ; he considers a sandy and clayey nature of the soil essential, 
it must admit of free access of air, must not be too moist, be rich 
in potash and poor in nitrogen. Gautier^ and Drouin claim that 
the presence of humous substances causes increase of nitrogen. 

Soils free from organic substances do not fixate nitrogen, or the 
gain is slight. The presence of ferric oxid, so long considered 
capable of fixing nitrogen, has no effect. Berthelot, as well as most 
investigators in this line, attributes the fixation to the activity of 
nitrogen-fixing chlorophyll free bacteria. In most cases the amount 
is much less than that obtained in soils with legumes. No inor- 
ganic soil constituents are known to possess the power of fixing 
nitrogen and it is qu'estionable whether humous substances can di* 
rectly do this. 
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In 1881, At water claimed that pease during their growth obtained 
large quantities of nitrogen from the air. Atwater^ and Woods 
made another series of eighty-nine experiments ; the result will be 
found in their admirable paper in the American Journal. I will 
quote the following : — "There was in no case any large gain without 
root tubercles ; but with them, there was uniformly more or less 
gain of nitrogen from the air. As a rule, the greater the abundance 
of root tubercles, the larger and more vigorous were the plants and 
the greater was the amount of atmospheric nitrogen acquired. The 
connection between the root tubercles and the acquisition of nitro- 
gen, which was first pointed out by Hellriegel, is abundantly con- 
firmed. In a number of these experiments, there was a loss of 
nitrogen instead of a gain. The loss occurred where there were 
no root tubercles ; it was especially large with oat and com plants, 
and largest where they had the most nitrogen at their disposal in 
the form of nitrates. This loss may probably be due to the decom- 
position of the seeds and nitrates through the agency of micro-or- 
ganisms. In brief, the acquisition of large quantities of atmospheric 
nitrogen by leguminous plants, which was first demonstrated by 
experiments here and has been since confirmed by others, is still 
further confirmed by the experiments herewith reported. These 
experiments in like manner confirm the observation of the connec- 
tion between root tubercles and the acquisition of nitrogen. There 
is scarcely room for doubt that the free nitrogen of the air is thus 
acquired by plants." 

Chemists,*as a rule, hesitate to accept isolated cell life as modi- 
fying and conditioning the action of those more differentiated ; yet 
it seems that all circumstances point to the fact that most reactions 
taking place between nitrogen and plants are influenced by micro- 
organisms. 

Let us hope that chemistry will, in the near future, score its 
greatest agricultural triumph, by unveiling the mysteries which 
still shroud the specific actions of these organisms thus making it 
possible to supply the demands of a constantly increasing popula- 
tion. 

* Pasteur, Cr. xlvi-616, li-298. 

• Lewkowitcb, B. xvi-1606, 1669. 

' Sacchse, Chem. Cent. Bl. 1889, n-169, 226, 

* Wlnograwdski, Bot. Ztg. XLVi-261. 

» Winograwdskt, Bot. Ztg. xlv-489, 613, 645, 669, 685. 

• Olivier, Cr. cvi-1744. 
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The iktluekce of ammonia on amorphous substancbs to induce 
CRTSTALLiZATiON. By Dr. E. Goldsmith, 658 N. 10th St., Philadel- 
phia, Penn. 

[ABSTRACT.] 

I. The first fact which I noted was its effect on chlorid of silver 
which, as is well known, is amorphous when obtained in the ordinary 
way. If a ten per cent solution of ammonia be added so as to cover the 
chlorid of silver say half an inch or so, and, after one agitation, be al- 
lowed to stand for several days the Ag CI will wholly crystallize. The 
forms produced are isometric. My experience shows that the ammonia 
does not enter into combination with the chlorid of silver. 

II. A manufacturer of artificial ice having noticed that his ice plant 
failed to give results as satisfactory as in former periods, overhauled the 
machine and discovered an Incrustation in the boiler and tubes. The 
material was black, opaque and about three-sixteenths of an inch In thick- 
ness ; a portion of this was coarsely crystallized and the remainder was, 
apparently, amorphous ; although under a power of about 110 diameters it, 
too, proved to be crystallized as was the coarser portion. It was de- 
cidedly magnetic. 

A chemical Investigation proved this incrustation to be magnetite. No 
Iron oxid had been put into the machine ; it may form, or rather was 
formed, by driving air into the system through carelessness. While it 
is pretty certain that water of ammonia will not act on metallic iron, yet, 
if air be introduced at the same time an oxidation of the metal is effected. 

Just why a portion of the iron should be converted into the ferrous, and 
another portion into the ferric state is an open question. It is for me 
only to state the fact that the presence of ammonia caused the amorphous 
magnetic iron oxid to crystallize. We have before us, therefore, a 
complete example of synthetic metamorphism. 

In the literature which has come under my notice, I have yet to find any 
statement that water alone can change the amorphous black oxid of iron 
into a crystallized form. The proved fact shows that ammonia possesses 
this power to an eminent degree whenever heat Is applied and also, I 
think, at ordinary temperature but with a greater allowance of time. 

If this view be correct and admit of verification, then ammonia should 
be called a mineralizer because of its power to effect metamorphism. 

(106) 
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to be no water falling on the earth's surface which is entirely free from 
It and while the quantity in one gallon is not large, yet, in the course of 
years the sum total is enormous and, secondly, as has been shown by my 
experiments, ammonia by its catalytic effect on amorphous substances will 
cause metamorphic changes. 



Tbimethyl-xanthin and its dbrfvativbs. By Moses Gomberg, M. S., 
Ann Arbor, Mich. (Communicated by A. B. Frescott.) 

[ABSTRACT.] 

The constitutional formula of caffein as given by E. Fisher rests upon 
a good deal of substantial experimental evidence. Yet it seemed desira- 
ble to furnish additional proofs (1) by the preparation of a tetramethyl- 
xanthin, analogous to the tetramethyl-urlc acid, and (2) by the study of 
the decomposition products of the hypothetical compound. 

Although the results obtained are far from being complete, still it seems 
best to report them such as they are. The subject is still under investiga- 
tion, and it is better to report the results in independent sections ; their 
joint connection, it is hoped, will be brought out by a future report. The 
work thus far carried on was : 

(1) lodo-caffein. 

(2) Action of Na upon a mixture of an alkyl-halogen and a halogen- 

caffein. 
(8) Action of Zinc-ethyl upon halogen-caffein. 
(4) Action of KCN upon chloro-caffeln. 

I. There are known two halogen-caffelns : CsHgCl N402, and CgHg- 
BrN408. An attempt has been made to prepare an iodo-caffein. The in- 
direct method, by treating each of the first two halogen compounds with 
Nal, KI, and Cal, under varied conditions of temperature and quantities 
proved unsuccessful. The direct action of lodin upon dry caffein in anhy- 
drous chloroform resulted in the production of a compound CgHi 0N4OS I5. 
Of the seventy-five per cent, of iodin only sixty per cent, could be esti- 
mated by titration with NagS^Oa, <. «., only four atoms of iodin are ad- 
dition atoms, the fifth being that of substitution, or as HI (?). 

II. The action of Na upon a mixture of CH3I and a halogen-caffein 
in a medium of ether, benzene, toluene, etc., did not give good results 
owing to the very slight solubility of the halogen-caffelns in those sol- 
vents. 

III. The action of zinc-ethyl was tried In dilute and concentrated form, 
in flasks vdth inverted condenser and in sealed tubes, at temperatures of 
80^-160^0., but only in one case did reaction take place. The compound 
produced was difl9cult to purify; this necessitated a repetition of the ex- 
periment on a larger scale, and the body thus obtained is still under in- 
vestigation. 

ly . By the action of KCN upon chloro-caffein it was intended to obtain 
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one-half as great as the internal diameter of the tube of the condenser. 
The tnbe is bent sliarply on itself in the middle and the two ends are bent 
over so as to form an angle of about 45^. The small tube is then inserted 
into the lower end of the Lieblg's condenser with the bent ends directed 
upward. The tube and condenser are then connected with the water 
supply in such a way that the water passes first through the small tube 
and then through the outer tube of the condenser. 

[This paper will be printed in the Journal of Analytical and Applied 
Chemistry.] 



Dl-BTHYL-CARBINAMIN ANl) FTS CONDUCT TOWARDS NITROUS ACID. By 

Prof. W. A. NoYBS, Rose Polytechnic Inst., Terre Haute, Ind. 

[ABSTRACT.] 

Thb new base. (C,Ha)sCH.NH2, was obtained by the reduction of the 
oxim of di-ethyl-ketone with sodium and absolute alcohol. It boils at 

20" 

89°-91°. Its specific gravity iaD-^ =0.7487. Itismisclble with water in 
all proportions. The chlorid crystallizes in easily soluble needles which 
melt at 217°. The chloro-platincUe is very easily soluble and crystallizes 
in needles. The nUrite forms deliquescent needles which are stable at or- 
dinary temperatures. The aqueous solution of the nitrite can be evapo- 
rated over sulfuric acid without decomposition. In this respect, dl-ethyl- 
carblnamin is intermediate in its properties between the **alicyclic" bases 
of Bamberger and the ordinary alkyl amins, and resembles di-benzyl- 
carbinamin.* 
[This paper will be printed in the American Chemical Journal.] 



On the DECOMPOSITION OF ACETONE WITH CONCENTRATED SULFUDIC 

ACID. By W. R. Orndorff, Assistant Professor of Chemistry, Cor- 
nell University, Ithaca, N. Y. 

f ABSTRACT. J 

Pure acetone, (180 grammes) was treated with concentrated sulfuric 
acid (800 grammes) in the cold, and the mixture allowed to stand for twen- 
ty-four hours. It was then heated to 120° when the reaction began. The 
products were collected and found to consist of : (1) gases, (2) crude me- 
sitylene, (8) aqueous layer, (4) tar and (6) spent acid. 

The gases were found to be sulfur dioxid, carbon dioxid and a gas 
which burned with a luminous smoky flame and which had some of the 
properties of allylene. Analyses of this gas, however, showed it to be 
propane, CaHg. 

^Amer. Chem. Jour. 14, 226. 
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The crude mesitylene after purification was distilled oyer sodium, and 
over fifty per cent, was obtained in the form of pure mesitylene. The 
average yield of the crude mesitylene was thirty-three grammes to 180 
grammes of the acetone used. 

The higher fractions gave a liquid boiling at 186°-187°, a hydro-carbon 
boiling at 196°-197°, and a third product, also a hydrocarbon, boiling at 
2800-282°. 

The liquid boiling at 185^-187° was a colorless fluid with a peculiar aro- 
matic odor, and on analysis and deterniinatlon of the vapor density It gave 
figures corresponding to the formula CmH^sO. 

The product boiling at 196°- 19 7° was proved to be identical with isodu- 
rene CjoHi* from the analyses and a study of the substitution products. 

The hydro-carbon boiling at 280°-282o was a thick viscous liquid having 
but little odor and was shown on analysis to have the general formula 
(CgH^)^. Attempts were made to determine the vapor density of this body 
but without success owing to the fact that it decomposed when heated a 
few degrees above its boUing point. 

The aqueous portion of the distillate was found to contain acetone, 
mesityl oxid, sulfur dloxld and acetic acid. 

The tar was separated from the spent acid, neutralized with caustic soda 
solution and distilled from an iron retort. On redistillation in a vacuum 
over sodium fractions were obtained which corresponded to the highest of 
those resulting from f ractloning the crude mesitylene and they were there- 
fore added to these fractions. 

The spent acid was examined to determine if any sulfonic acids were 
present but none were found. 

The total amount of acetone decomposed was 6.84 kilogrammes. This 
required 12.6 kilogrammes of sulfuric acid and gave 1.05 kilogrammes of 
crude mesitylene. From the crude mesitylene were obtained over half a 
kilogramme of pure mesitylene, thirty grammes of isodurene, eight 
grammes of the hydro-carbon (C5gH^)jj and about five grammes of the com- 
pound C 1 4 U 2 2 O . The amount of propane obtained at each distillation was 
about 100 c.c. 

The principal product of the reaction, it will be seen, is mesitylene and 
this method can be recommended as the best known at present for the 
preparation of this hydro-carbon. 

Owing to the small quantities of the compounds (CjH^)^^ and CmHijO 
formed it was impossible to determine apy further facts regarding them. 

These results are at variance with the statement of Victor Meyer* "that 
mesitylene is only obtained from commercial acetone and not from pure 
acetone by condensation with concentrated sulfuric acid," and also with 
the statement of Jacobsen' "That if pure acetone be used in the reaction 
no higher boiling products than mesitylene are obtained." 

[This paper will be printed in full in the Amer. Chem. Jour.] 



^Lehrbnch der Organischen Chemle (Meyer & Jacobsen) p. ill. 
•Ber. der Deutsch. Chem. Geeell. 7, 1432. 
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NOTB OK THR EFFECT OF FBRTILIZKRS UPON THE JTHCE OF THE SUOAB- 

CANE. By CuNTON F. TowNSEND, Donaldsonyllle, La. 

[ABSTRACT.] 

Preijminary to an investigation of the relative value of fertilization 
and drainage as means for increasing the yield of sugar from the sugar- 
cane. 

Similar series of experimental plots were planted in two qualities of 
soil whose main difference has been shown, by chemical analysis, to lie in 
the relative efficiency of their drainage. Each series comprised the fol- 
lowing numbers : — 

1. "Normal" Fertilizer. 

2. ''Normal", but with excess of Nitrogen, 

3. "Normal" except for absence of Nitrogen. 

4. "Normal" except for absence of Phosphoric acid. 

5. "Normal" except for absence of Lime. 

6. "Normal" except for absence of Fotash. 

7. UnfertiUzed. 

The results in tonnage and in juice contents were plotted, showing with 
approximate accuracy : — 

1. There was no direct dependence of tonnage upon fertilization, or 
such dependence is greatly obscured, as shown by the entirely different 
form of the curve in the two soils. 

2. Total solids of juice vary inversely as the tonnage. 

8. Sucrose varies directly as the total solids and inversely as the ton- 
nage. 

4. Glucose varies inversely as the total soUds and sucrose, and directly 
as the tonnage. 

5. Solids not sugar show no correspondence with any of the above 
components of the juice, but the curves in the two soils are similar in 
form, indicating these solids to have been largely determined by the fer- 
tilization. 

Nos. 2 and 8 probably have little chemical significance,' the total solids 
varying inversely as the tonnage, because evaporation varies in this man- 
ner ; and sucrose varying approximately as the total solids because it of 
itself constitutes 70-80 per cent, of these solids. Nos. 4 and 5 are chem- 
ical problems. 

The paper was illustrated by diagrams. 



Some points in coNNEcnoN with the composition of honbt. By 
Frof. H. W. Wiley, Department of Agriculture, Washington, D. C. 

[ABSTRACT.] 

Threr methods of estimating the water In honey are given, viz. : by 
direct drying in flat dish ; by drying In vacuo ; and by dilution and specific 
gravity. 
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In general, the resnlts are lowest by the first method, and highest by 
the third. It is believed that the most accurate results are those given 
by the second method. They are nearly a mean between those of the first 
and second methods. The results are based on the drying of forty-two 
samples. Reducing sugar is determined by treatment with alkaline cop- 
per tartrate and subsequent electrolytic precipitation of the copper re- 
duced. 

Sucrose is determined by polarization before and after inversion. 

Invert sugar is determined by polarization at 0^ and SS°. At the latter 
temperature invert sugar is neutral to polarized light. The difference be- 
tween the polarization at 0° and 88^ gives the total optical disturbance 
due to invert sugar whence the percentage of invert sugar is calculated 
by the formula, I a = X b, in which a » difference in polarization between 
0° and SS° and b » the percentage of invert sugar necessary to cause 
a variation of one degree on the cane sugar scale between the tempera- 
tares named. For instance, a honey polarizes at 0^ — 18.5 divisions of 
the cane sugar scale and at 88° + 12.5 divisions. The difference is 31 
divisions. 

Then 81 X 6 =■ per cent of invert sugar. The constant for b has been 
accurately determined and is 2.273. Therefore 81 X 2.278 s per cent of 
invert sugar in the sample = 70.5. So far experience shows a possible 
variation in the rate of change in polarimetric power of invert sugar in 
. honey as the temperature approaches QP. This is shown in a few plotted 
lines giving the actual (P as compared with the theoretical determined 
by extending the ilne between 30° and 88°. A large number of determin- 
ations shows the line from 30° to 88° to be straight. Any plus polarization 
at 88° is to be diminished by the percentage of sucrose present, and then 
is credited to any solid matter present in excess of the invert sugar-su- 
crose and ash. 



A MKTHOD OF POLARIMRTRIC OBSERVATION AT LOW TRMPlSRATURES. By 

Prof. H. W. WiLKY, Department of Agriculture, Washington, D. C. 

[ABSTRACT.] 

Ths usual method of securing a low uniform temperature for polari- 
metric measurements consists in enclosing the solution to be examined in 
a jaclceted tube through which a current of water at the desired tempera- 
ture is passed. This method is satisfactory when It is not desired to 
depress the temperature more than two or three degrees below that of 
the room in which the readings are made. When, however, the desired 
temperature is 0°, the above method is wholly inapplicable. Not only is 
it impossible to maintain the same temperature at both ends of the jacketed 
tube, but another more serious difficulty is also encountered. The cover 
glasses, cooled to so low a temperature, become at once covered with 
m<dstnre making the reading difficult and inaccurate. Carrying instru- 
ment and observer Into a cold storage room is both expensive and trouble- 

A. A. A. 8. VOL. XLl 8 
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Bome. In addition to this the temperature of such a room is milfonnly 
above 0^ and especially so when the heat of the body of the observer is in- 
troduced. 

The whole difficulty is easily and effectively removed by using the ap- 
paratus shown. A large Jacket made conveniently of brass is used for 
holding the observation tube, the cover glasses of which are held in place 
by the screw caps of the jacket. This jacket is covered with some non- 
conducting substance. The screw caps of the jacket are provided with 
hard rubber extension caps carrying a perforated brass tube of the same 
size, and concentric'with the observation tube. The space between the 
brass tube and the rubber extension cap is filled with fused chlorid of 
calcium. The end of the hard rubber cap is closed air tight with a glass 
cover, and the interior of the cap is thus kept perfectly dry, avoiding 
any deposition of moistTire on the cover glasses of the observation tube. 



The albumtsoidb of maize. By Dr. George Abchbold, New York, 

N.y. 



A SELECT BIBLTOORAPHY OF CHEMISTRY. By Dr. H. CaRRINOTOK BOLTON, 

University Club, New York, N. Y. [To be printed in the Smithsonian • 
Misc. CoU.] 



Copper sulfate as a material for stakdardiziko solutions. By Prof. 
Edward Hart, Easton, Pa. [To be printed in Journ. Analyt. 
Appl. Chem.] , 



Oy the mechanical determination of the stereographic constitution 
OF oROANic COMPOUNDS. By Dr. Gustayus HiNKiCHSy St. Louis, Mo. 



Presentation of samples from the salt mines of New York. By Prof. 
S. A. Laitimore, University of Rochester, Rochester, N. Y. 



Effect of sedimentation upon self-purification of running streams. 
By Prof. Wm. P. Mason, Rensselaer Polyt. Inst., Troy, N. Y. 



Post-mortem nuBiBrnoN of arsenic. By Prof. W. P. Mason, Rens- 
selaer Polyt. Inst., Troy, N. Y. 
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Tenth Annual Report or the Cohmittbe on Indexing' Chem- 
ical LiTERATUBB. 

The Committee notes with satisfaction a growing appreciation 
of tlie Reports on Chemical Bibliography that have been presented 
to the Chemical Section of the American Association for the Ad- 
vancement of Science. The Ninth Annual Report was widely cir- 
calated, appearing not only in the Proceedings of the A. A. A. S., 
but also in the Chemical News, the J. Anal. Appl. Chem., the J. 
Am. Chem. Soc. and the Scientific American. 

The Committee Congratulates the Section on the fact that these 
annual reports have in large measure accomplished one of the 
principal objects sought, viz., that of directing attention to the im- 
portance of compiling bibliographies, catalogues and indexes to the 
voluminous literature of Chemistry. While little systematic work 
has been undertaken, duplication of labor has been prevented and in- 
dependent efforts have accomplished much; how much appears 
in the list of bibliographies forming the Appendix to this Report. 
Chemists are more and more perceiving the advantages of attaching 
carefully prepared bibliographies to their monographs; recently 
this plan has been pursued in the important Bulletins of the Chem- 
ical Division of the United States Department of Agriculture. 
Thus a collection of special bibliographies is gradually forming, des- 
tined to be of inestimable value to the chemist. The Committee 
expresses the hope that this collection will grow in the future much 
faster than in the past, and suggests that members of the Section 
of Chemistry seriously consider in what way they can individually 
contribute to the cause. 

During the current year the following indexes have been pub- 
lished. 

1 . A Bibliography of the Electrolytic Assay of Copper. By Stuart Croas- 
dale. In J. Anal. Appl. Chem. v, pp. 133 and 184 (Mar. and Apr., 1891). 

2. An Index to the Literature on the Estimation of Nitrogen by Kjcd- 
dahl's Method and its modifications. By Lyman F. Kebler. In J. Anal. Appl. 
Chem. V, 260 (May, 1891). 

8. An Index to the Literature on the Estimation of Nitrogen by all other 
Methods. By Lyman F. Kebler. In J. Anal. Appl. Chem. v, 264 (May, 
1891). 



Digitized by 



Google 



CHEMISTRT. 117 

4. Index to the Literature of the Tannins. By Professor Henry Trim- 
ble, Ph.M., of Philadelphia. This forms an appendix to : <*The Tannins, 
a Monograph on their History, Preparation, Properties, Methods of Es- 
timation and Uses of the Vegetable Astringents," by the author named. 
Philadelphia, 1892. Vol. 1, 168 pp., 12mo. The Index occupies pp. 101-165 
and the titles are arranged chronologically with an alphabetical index of 
authors. The whole is admirably printed and obviously exhaustitve. 

5. Index to the Literature of Angelic and Tiglic Acids from 1842-91. 
By Henry P. Talbot, Ph.D. Technological Quarterly, Vol. v, Nos. 1 and 2 
(Massachusetts Institute of Technology, Boston). Contains an historical 
summary, and author- and subject-indexes. 

6. Bibliography of Analytical and Applied Chemistry for the year 1891. 
By H. Carrlngton Bolton. J. Anal. Appl. Chem., Vol. vi, p. 61, 1892. 

We chronicle also the following contributions to chemical bib- 
liography : 

7. Professor Thomas B . Stlllman , in his papers on * 'Animal, Marine and 
Vegetable Oils used in Lubrication," has paid especial attention to the 
bibliography of the subject, grouping under each diyision ot his essay 
many references to periodical literature and other. (J. Anal. Appl. Chem. 
y, April, June and December, 1891.) 

8. A list of Chemical Synonymes is found on pages 661-675 of the Ap- 
pendix to '*The Scientific American Cyclopedia of Receipts, Notes and 
Queries." Edited by Albert A. Hopkins. New York, 1892. 8vo. 111. 

9. Prof. Samuel P. Sadtler's * 'Handbook of Industrial Organic Chem- 
istry" (Philadelphia, 1891, pp. xiy-519, roy. 8yo. 111.) contains bibliogra- 
phies at the close of ^ach chapter embracing the following topics : 

1. Petroleum and Mineral Oil Industry. 

2. Industry of the Fats and Fatty Oils. 

8. Industry of the Essential Oils and Besins. 

4. The Cane and Sugar Industry. 

5. The Industries of Starch and its Alteration Products. 

6. Fermentation Industries (Malting, Brewing Wines, Spirits, Vinegar, 
Flour and Bread). 

7. Milk Industries. 

8. Vegetable Textile Fibres and their Industries. 

9. Textile Fibres of Animal Origin. 

10. Leather, Glue and Gelatin. 

11. Destructiye Distillation Industries. 

12. Artificial Coloring Matters. 
18. Natural Dye Colors. 

U.' Bleaching, Dyeing and Textile Printing. 
The Bibliographies are chronologically-arranged one-line titles. 

Professor S. F. Feckham reports substantial progress on his Bib- 
liography of Bitumen ; Professor Arthur M. Comey on his Dic- 
tionary of Solubilities, and Dr. Alfred Tuckerman on his Bibliog- 
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raphy of Mineral Waters. Dr. Arnold Eiloart of New York has 
completed the MS. of an Index to the Literature of Stereochem- 
istry ; this will appear as an appendix to his review of the sabject 
in the Am. Chem. J. The whole will also be issued independently. 
Prof. Charles E. Munroe announces Part II of his Index to the 
Literature of Explosives, to be published shortly. Dr. H. C. Bol- 
ton's Select Bibliography of Chemistry has been accepted by the 
Smithsonian Institution for its Miscellaneous Collections and is in 
the hands of printers. 

H. Carrinoton Boltok, Chairman, 

F. W. Clarks, 

Albert B. Leeds, 

Alexis A. Juuen, 

John W. Langlet, 

Albert B. Prescott, 

Alfred Tuckerman. 



Appendix to Tenth Annual Befobt of Coxoottkb on Indexing 
Chemical Literatttrb. 

* List of Indexes to CHXiacAL Literature. 

Abbreviations of Titles of Chemical Journals. By H. Carrington Bolton 
[and others]. J. Anal. Chem. YoL n, pt. 1. Jan., 1888. 

Amalgams; Index to the Literature of. By Wm. L. Dudley, in his Vice- 
Presidential Address to the American Association for the 
Advancement of Science at Toronto. Proceedings A. A. A. 8. 
for 1889, pp. 161-171, 1890. Svo. 

Ammonia firam Atmospheric NUrogen^ An Index of Researches upon the 
Production of. By Ezra J. Ware. Pohlished in Proceed- 
ings Michigan State Pharmaceatical Association, 1888. H. J. 
Brown, Secretary, Ann Arbor, Mich. 

Analytical Chemistry, Bibliography of, for the year 1886. By H. Car 
rington Bolton. J. Anal. Chem. Vol. i, pt. 8. July, 1887. 
[The same] for 1887. Idiem. Vol. n, pt. 1. Jan., 1888. 
[The same] for 1888. Idem, Vol. m, pt. 4. Oct, 1889. 
[The same] for 1889. Idem, Vol. iv, pt. 1. Jan., 1890. 
[The same] for 1890. Idem. VoL y, No. 8. March, 1891. 

Analytical and Applied ChemUtry, Bibliography of, for the year 1891. By 
H. Carrington Bolton. J. Anal. Appl. Chem. VoL vi, p. 61, 
1892. 

Angelic and Tiglic Acids, Index to the Literatore of. By Henry P. Talbot, 
Technological Quarterly, Boston. Vol. v, Nos. 1 and 2, 1892. 
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Beewwix and Waxes need In adulterating Beeswax, Bibliography of. By 
Harvey W. Wiley [Editor]. Foods and Food Adulterants. 
Part VI. Bulletin No. IS, Division of Chemistry, U. S. De- 
partment of Agriculture, Washington, 1892. 8vo, pp. 886-871. 

Butines and their Halogen Addition Products, Index to the Literature of 
the (1863-1888). By Arthur A. Noyes. Technological Quar- 
terly, Boston, December, 1888. Published at the Massachu- 
setts Institute Technology. 

BuUer, Bibliography of. By Elwyn Waller. In Second Annual Report of 
the N. Y. State Dairy Commissioner, 1886. 

Chemistry, A Bibliography of, for the year 1883, by H. Carrlngton Bolton. 
In An Account of the Progress of Chemistry in the Year 
1883." Smithsonian 'Report for 1888. Washington, 1884. 
8vo. 

[The same] for 1884, 1885, 1886, in Smithsonian Reports for 
said years. 

ChemUtryf A Bibliography of, for the year 1887. By H. Carrington Bolton. 
Washington, 1888. Smithsonian Miscellaneous Collections, 
No. 666, 18 pp., 8vo. 

Columbium, Index to the Literature of. 1801-1887. By Frank W. Trap- 
hagen. Smithsonian Miscellaneous Collections, No. 663. 
Washington, 1888. pp. [iv], 27, 8vo. 

Copper, Electrolytic Assay, Bibliography of. By Stuart Croasdale. J. 
Anal. Appl. Chem. v, 133 and 184. (1891). 

EUarolysiSy Index to the Literature of ; 1784-1880. By W. Walter Webb. 
Annals of "Sew York Academy of Sciences, Vol. u, No. 10, 
1882. pp. 44, 8vo. 

N. B. This has l)een translated into French by Donato 
Tommasi, Paris, 1889. 

Sxploaives, Index to the Literature of. Part i. By Charles E. Munroe, 
Baltimore, 1886. pp. 42, 8vo. 
Fart n, in press (1892). 

Food Adulteration and its Detection, Bibliography of. By Jesse P. Bat- 
tershall. In **Food Adulteration and its Detection.'* New 
York, 1887. 8vo. 

Oeometrical Isomerism, A Bibliography of. Accompanying an Address 
on this subject to the Chemical Section of the American As- 
sociation for the Advancement of Science at Indianapolis, 
August, 1890. By Robert B. Warder. Proceedings A. A. A. S. 
Vol. XXXIX, Salem, 1890, 8vo. 

Heat, Dictionary of the Action of Heat upon certain metallic Salts, in- 
cluding an Index to the principal literature upon the Subject. 
Compiled and arranged by J. W. Baird; contributed by A. B. 
Prescott, New York, 1884. pp. 70, 8vo. 

History of Cfiemistry, Outlines of a Bibliography of the. By H. Carring- 
ton Bolton. Ann. Lye. Nat. Hist. Vol. x, pp. 352-361. New 
York, 1873. 
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JSoneffj Bibliography of. By Harvey W. Wiley [Editor]. Food and Food 
Adulterants, Part vi. Bulletin No. 18. Division of Chem- 
istry. U. S. Department of Agricnltnre, Washington, 1893. 
8vo, pp. 871-874. 

Iridium, Bibliography of the Metal, by Nelson W. Perry, in Prof. W. I*. 
Dudley's paper on Iridium, published in Mineral Resources of 
the United States, calendar years 1883 and 1884. Washing- 
ton, 1885. 8vo. 

Light, Chemical Influence of, A Bibliography of. Alfred Tuckerman. 
Smithsonian Miscellaneous Collections, No. 786, Washington, 
1891. pp. 22, 8vo. 

Manganese, Index to the Literature of; 1596-1874. By H. Carrington 
Bolton, Annals of the Lyceum of Natural History, New York. 
Vol. XI, November, 1875. pp. 44, 8vo. 

Milk, Bibliography of. By Edward W. Martin. In Second Annual Re- 
port of the N. Y. State Dairy Commissioner. 1886. 

Nitrogen, Estimation of. By KjeldahVs Method, Index to the Literature. 
By Lyman F. Kebler. J. Anal. Appl. Chem. v, 260 (1891). 

Nitrogen, Fixation of Atmospheric. For bibliogrfiphical data see Histor- 
ical Summary on this subject by A. A. Breneman in J. Am. 
Chem. Soc. xi (1889). 

Ozone, Index to the Literature of; 1875-1879. By Albert R. Leeds. An- 
nals of the New York Academy of Sciences. Vol. i, No. 18, 
1880. pp. 82, 8vo. 

Ozone, Index to the Literature of, 1879-1888 ; accompanied by an Histor- 
ical, Critical R6sum6 of the Progress of Discovery since 1879. 
By Albert R. Leeds. Annals N. Y. Academy of Sciences, 
Vol. in, p. 187. 1884. pp. 16, 8vo. 

Feriodicala, A Catalogue of Chemical. By H. Carrington Bolton. Annals 
N. Y. Acad. Sci., Vol. ra, pp. 159-216. New York, 1886. 
8vo. Also : Chemical News Print, London, 1886. 12mo. 
Supplement to [the same]. Ann. N. Y. Acad. Sci. Vol. iv, 
Feb., 1887. 4 pp, 8vo. 

Periodicals, Short Titles of, current in 1887. By H. Carrington Bolton. 
J. Anal. Chem. Vol. i, Part 1, 1887. 4 pp. 8vo. 

Peroxid of Bydrogen, Index to the Literature of ; 1818-1878. By Albert 
R. Leeds. Annals of the New York Academy of Sciences, 
Vol. I, No. 18, 1880. pp. 11, 8yo. 

Peroxid of Hydrogen, Index to the Literature of; 1879-1888. By Albert 
R. Leeds. Annals of New York Academy of Sciences, Vol. 
m, p. 153, 1884. pp. 3, 8vo. 

Petroleum, A Bibliography of. By Prof. S. F. Peckham. Report on the 
Production, Technology and Uses of Petroleum and its 
Products. Report of the Census of the United States. Vol. 
X, 1884. 4to, pp. 281-801. 

Ptomaine, A Bibliography of ; accompanies Victor C. Vanghan's Pto- 
maines and Leucomaines, Philadelphia, 1888. pp. 296-814. 
8vo. 
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£^d of Chemical Beactions, Literature of. By Robert B. Warder. Pro- 
ceedings of the American Assoc. Adv. Science. Vol. xxxii, 
1888. pp. 8. 8vo. 

Spedftc Gravity of Solidn and Liquids, A Table of. The Constants of Na- 
ture, Fart I (new edition, revised and enlarged). By Frank 
Wlgglesworth Clarke. Washington, 1888. Smithsonian 
Miscellaneous Collections, No. 659. pp. xi-409. 8 vo. 

Spectroscope, Index to the Literature of. By Alfred Tuckerman. Smith- 
sonian Miscellaneous Collections, No. 658. Washington, 
1888. pp. x-423, 8vo. 

8tarch'8ugar, Bibliography of. By Edw. J. Hallock. Appendix E to Re- 
port on Glucose prepared by the National Academy of Sci- 
ences, in response to a request made by the Commissioner 
of Internal Revenue. U. S. Internal Revenue, Washington, 
D. C, 1884. pp. 44, 8vo. 

Tannins, Index to the Literature of. By Henry Trimble. The Tannins. 
Philadelphia, 1892. Vol. i. Appendix. 

Tea, Coffee and Cocoa Preparations, Bibliography of the Literature on. 
By Guilford L. Spencer. Food and Food Adulterants. Part 
vn. Appendix A. Bulletin No. 13, Division of Chemistry, U. 
S. Department of Agriculture. Washington, 1892. 8vo, 
pp. 991-1009. 

Thermodynamics, Index to the Literature of. By Alfred Tuckerman. 
Smithsonian Miscellaneous Collections, No. 741. Washing- 
ton, 1890. pp. vi-329. 8vo. 

Titanium, Index to the Literature of; 1783-1876. By Edw. J. Hallock. 
Annals of the New York Academy of Sciences. Vol. i, Nos. 
2 and 8, 1877. pp. 22, 8vo. 

Uranium, Index to the Literature of. By H. Carrington Bolton. Annals 
of the New York Lyceum of Natural History, Vol. ix, Feb- 
ruary, 1870. 15 pp. 8vo. 

Uranium^ an Index to the Literature of; 1789-1885. By H. Cari*ington 
Bolton. Smithsonian Report for 1885. Washington, 1885. 
pp. 86, 8vo. 

Vanadium, Index to the Literature of. By G. Jewett Rockwell. Annals 
of the New York Academy of Sciences, Vol. 1, No. 5, 1877. 
pp. ^2, 8vo. 

Index to Authors. 

Baird, J. W., see Heat. 

Battershall, J. P., see Food Adulteration. 

Bolton, H. C, see Abbreviations of Titles of Journals; also. Analytical 
Chemistry, Bibliography of, 1886-90 ; Analytical and Applied 
Chemistry, 1891; Chemistry, Bibliography of, 1883-87, 6 
parts ; History of Chemistry ; Manganese ; Periodicals ; Uran- 
ium (two editions). 

Brenbman, a. a., see Nitrogen, Fixation of. 
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Clarkb, F. W., see Specific Gravity of Solids and Liquids. 

Cboasdalk, Sm 9ee Copper, Electrolytic Assay of. 

DuDLBY, W. L., see Amalgams. 

Haixock, E. J., M6 Starch Sngar; also, Titaninm. 

Keblkr, L. F., see Nitrogen, Estimation by K]eldahl"s Method. 

Leeds, A. R., see Ozone; also, Peroxide of Hydrogen. 

Martin, E. W., see Milk. 

MuNROE, C. E., see Explosives. 

Notes, A. A. , see Butines. 

Peckham, S. F., see Fetrolenm. 

Perry, N. W,, see Iridium. 

Rockwell, G. J., see Vanadium. 

Spencer, G. L., see Tea, Coffee and Cocoa. 

Talbot, H. P., see Angelic and Tiglic Acids. 

Trafhagen, F. W., Me Columbium. 

Trimble, H., see Tannins. 

TucKERBfAN, A., ses Light, Chemical Influence of; also. Spectroscope, 

Literature of; Thermodynamics. 
Vaughan, V. C, see Ptomains. 
Waller, Elwyn, see Butter. 
Warder, R. B., see Geometrical Isomerism; also, Speed of Chemical 

Reactions. 
Ware, E. J., see Ammonia from Atmospheric Nitrogen. 
Webb, W. W., see Electrolysis. 
Wiley, H. W., see Beeswax; also, Honey. 
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ADDRESS 

BY 

JOHN B. JOHNSON, 

VICE PRESIDENT, SECTION D. 



THE APPLIED SCIENTIST. 



It is my purpose in this address to note the relations of pure 
and applied science and to endeavor to picture what I conceive to 
be the field of opportunity, if not of duty, which is now ripening 
into harvest in the domain of scientific applications of the mate- 
rials and forces of nature to the comfort, happiness, and progress 
of society. 

What should no%^ be called the ancient culture consisted only 
in the study of mind and the products of mind. Knowing noth- 
ing of the realities of Nature and her laws, never having performed 
a single scientific experiment which could carry conviction of the 
truth of something not evolved from the mind itself, thrown 
thoroughly back upon their own ruminations and chewing over and 
over again forever the tough and juiceless cuds of philosophic con- 
troversy, the great minds of all ages had been able to prove to 
their entire satisfaction the absolute reality of the ideal and the ab- 
solute non-existence of the real. No wonder then that they should 
utterly ignore such purely sublunary and imaginary things as light 
and heat, the force of steam, the thunder-bolts of Jove, the winds 
and the waves, the earthquake and the storm. No wonder that they 
should consider it vulgar to inquire particularly into the composi- 
tion of matter, or to study the laws of equilibrium, of gravity, and 
of force. They speculated on these things it is true, but mostly as 
mental concepts and not as actual entities to be studied as external 
realities. And still this ancient and outgrown school has a liberal 

(126) 
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following, those who study only language, philosophy, history, and 
mathemathies, who, like bats bathed in sunshine, are utterly ob- 
livious to the beauties and thrilling charm of Nature's ways and 
means, and though dazed at the wonderful miracles of modem 
science are still insisting that it is all a mere phantom of the mind. 
But it is little the scientist cares. He holds the key which unlocks' 
the universe, and he is too busy opening the long-locked doors and 
classifying the newly discovered treasures to trouble himself with 
the owls and bats of a darker age. The scientist now sets the pat- 
tern for all truth seekers. The method of experimental verification 
has been adopted by the historian and the philosopher, the minister 
and theologian. Science has won the battle and we have now but 
to reap the harvest. And this is as pleasurable as it is profitable. 
The charm of discovering and promulgating a new universal truth 
or law, whose applications may not be predicted but dimly imag- 
ined, and so adding another sheaf to the world's common stock of 
knowledge, is quite exquisite and unique. The universality of the 
fact gives it its charm. To have to descend from the universal to 
the particular, from the study and contemplation of a general law 
to particular and utilitarian applications of it, is like calling Dante 
from the composition of his Divine Comedy to sit in judgment at 
a police court trial. 

And here lies the marked distinction between the pure and the 
applied scientist. To the pure scientist all truths, so they be uni- 
versal or general, are of equal interest and value. He cares not if 
they have no utilitarian application, the stock of truth has been 
augmented, some other related truths have been explained or sup- 
plemented, and pure science acknowledges the obligation, and the 
discoverer has his reward. 

But to the applied scientist that only is good, or is prized, which 
can be shown to be capable of serving useful ends. It is his busi- 
ness to select from the pure scientists' store of universal truth such 
as he can use for particular purposes. The pure scientist is to the 
applied scientist what Columbus was to the Puritan Fathers. Co- 
lumbus was bent on discovering a world, or at least a new way to 
a practically unknown world, while the Puritan Fathers came to 
set up for themselves and then: children homes where they would 
be freed from disagreeable persecution — a purely specific and util- 
itarian end. And yet the results of this specific utilization of Co- 
lumbus' discoveries have been so great and fraught with so much 
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good and happiness to the world that we are apt to forget the pri- 
maiy discoverer in our gratitude to the men and women who made^ 
so specifio use of his great and uniyersal achievement. 

So with the applied scientist. From the standpoint of the pure 
scientist he is a mere plodder — a sort of pot-hunter — seeking the 
BO-called practical ends, solving many knotty and difficult problems 
it is true, but what has he done when he has solved them ? He has 
but gathered a few apples where his pioneer friend has first planted 
the orchard. But while we gladly pay this high tribute to our friends 
who make up the major part of this Association, we cannot ignore 
the necessity of supplementing their work by finding practical uses 
for so much accumulated wisdom. Wisdom, like Virtue, is its own 
sufiScient reward to its possessor, but like Virtue also it must have 
altruistic objects and bring growth and happiness in its train to the 
unwise and to the less fortunate, or it fails still of being a univer- 
sal good. Although our pure scientists are glad to see their dis- 
coveries put to some good use they have a kind of feeling of com- 
miseration for the poor fellows who must take their second-hand 
information, a thread here, a shred there, and with the skill and in- 
dustry of the mechanic, weave it into a particular garment which 
can serve a useful end. But until this is done, or capable of being 
done, what claim have our pure scientists upon the generous sym- 
pathies of society? If knowledge is to be gained only to be re- 
taught to a few others, it is like the study of a dead language — 
studied mainly that one may be able to teach it to another teacher 
of teachers ad infinitum. I have no sympathy with the toast once 
proposed to pure mathematics, ^'May it never be of any use to any 
body." 

Let us allow then, that science must show utilitarian possibilities 
before it can rightfully demand public support. Not that the study 
of Mars is unprofitable because we cannot colonize it and raise com 
or cotton upon it, or find a market there for our mowers and thresh- 
ers, for I can conceive of no more utilitarian science to-day than 
that which helps to hasten the dawn of the new day of a rational 
cosmos, past, present and future. But what I mean is that the 
justification lies in its utility in some direction or other. If this 
be true, then is not he who discovers the use, the equal of him who 
discovers the law? 

It is a patent fact that the training and natural talent which fits 
one for the calling of a pure scientist necessarily unfits one, or per- 
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haps fails to fit one, for the basinets of the applied scientist. Cer- 
tain it is, the business is best done by these two classes of workers, 
each keeping to his own field. Withont stopping to analyze the 
requirements of pure science, let us hasten on to the study of the 
opportunities and duties of him who ^ 'makes the scientific applica- 
tion of the materials and forces of nature to the service of man 
his peculiar business and profession." 

Our applied scientist then must have free and intelligent access 
to the great storehouse of established truth. He must be a scien- 
tist at second hand. He must not only follow the progress of 
science in one field, but in every field in which he undertakes to 
practise. He must therefore be a constant student. This intimate 
knowledge pertains. not only to laws of the powers and forces of 
nature but of the materials as well. In fact the amount of scien- 
tific knowledge required of him to answer to the description we 
are now making is something quite beyond the ordinary notions of 
adequacy. It is not gained in a four, or five, or six years' course 
in college. The young man who thinks he has finished his theoret- 
ical studies when he has left college cannot be included in this cat- 
egory. This breadth of information even the pure scientist does 
not have for he is of necessity a specialist. 

Our applied scientist must know also how to do things. This is the 
knowledge the mechanic has. In learning his trade he has learned 
the fruits of the world's experience in doing things. He has learned 
to do a specific class of things in the best possible way. So before 
our applied scientist can decide what is to be done or what is best 
to be done, he must have a large knowledge of mechanical methods. 
This knowledge the pure scientist does not possess. 

Again he must know what needs to be done. To know this he 
must be a man of affairs. He must be acquainted with the ways 
of commerce and trade. He must foresee the needs of the imme- 
diate future. He must know the dilficulties and hindrances of pres- 
ent methods before he can provide remedies. He must also be an 
economist. He must know the cost of things and the wastefulness 
of present methods before he can determine whether or not it is 
worth his while to invent new ones. In fact he must know as 
much as possible about how the world now does its work if he is to 
facilitate matters. This kind of knowledge also the pure scientist 
does not possess. 

Here are three fields of knowledge, therefore, with which the ap- 
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plied scientist must be familiar. He must have a knowledge of a 
wide range of scientific truth, mast understand mechanical methods , 
and he must know the ways of the business and of the industrial 
world. 

But what else must our applied scientist have and be ? He must 
have largely developed in him that sine qua non in the profitable 
solution of all new problems, — Invention. This seems to be one of 
nature's gifts. It can be cultivated, however, ^f from early youth 
one forms a habit of thinking up new ways of doing things, seek- 
ing perhaps for those extremities which necessitate invention, 
preferring to work with poor tools or none at all in order to see 
what can be done in some new and untried way, tinkering up toys 
or making new ones ; in these and in a thousand other ways a boy 
may foster and develop the inventive faculty. It is 'this faculty 
which suggests the various possible ways of accomplishing a given 
thing. From his knowledge of affairs our applied scientist sees 
what needs to be done. His invention suggests a hundred ways 
to do it. It unconsciously runs to and fro throughout his mental 
storehouse of acquired facts, both of science and method, and 
brings to his attention all the possible ways of accomplishing the 
result. The reason sits in Judgment upon this troop of suggestions 
the fertile invention has marshalled, and selects the one which will 
best accomplish the end in view, when all thin^ are considered. 

Thus we see our applied scientist is at once a student of science, 
a mechanic, a man of affairs, and an inventor combined in one. 
Nothing short of this fills the bill. Being a scientist only, he knows 
not what to do or how to do it. Being a mechanic only, he knows 
particular ways of doing a given series of things, and he is sui*e to 
give you of his little store, whether it serves the purpose or not. 
Being an executive man he sees what ought to be remedied, but he 
knows not what to put in its place or how to accomplish any de* 
sired end. He probably gets a ^ ^practical man" to come and do 
something, but the chances are very much against this something 
being the best thing, or the one thing which should have been done. 
Being an inventor, without the knowledge of either the scientist or 
the business man, is indeed a misfortune. Our patent laws are a 
curse to this class of martyrs. A very large proportion of the pa- 
tents applied for are inoperative from the transgression of funda- 
mental laws, and of the operative ones, perhaps nine-tenths are 
worthless from there being no demand for the product. Such men 
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ble solution of the problem, present it to the world by convincing 
arguments, and carry the project to a successful and profitable is- 
sue. These are large men indeed. We have hordes of smaller 
men who can execute projects when once devised, but few who can 
safely be trusted to devise original solutions to new and untried 
problems. Success is usually attained after a long line of failures. 
In fact it is commonly taken for granted that this must be so. But 
I believe the day is approaching when even initial failure will be re- 
garded as a professional disgrace, and when we shall have men whose 
business it will be to solve new problems in the application of science 
with as much certainty of success as though they were problems 
in mathematics. 

When we see what miracles have been accomplished in a single 
century of scientific applications, nearly all by a system of blind 
experimenting and repeated failures or only partial successes ; how 
we have imitated the great motor of the solar system and revivi- 
fied the world through the agency of heat ; how we have obliterated 
time and space on tliis little earth and made our antipodes our 
neighbors ; how we have brought near the far-off desert and made 
it to blossom and bear fruit and so have doubled the size of the 
habitable world ; how "the continuous woods where rolled the Or- 
egon and heard no sound save its 'own dashings*' now teems with 
happy life and resounds to the hum of wheels and the joyous cries 
of happy children; how the thought, inspiration, discovery, or 
learning of one is multiplied a million fold by the press and at once 
becomes the common property of the world ; how the hours of la- 
bor are shortened so that all mankind may enjoy sufiScient leisure 
to become learned and cultured if they will ; how the comforts of 
life which formerly could be enjoyed only by kings and princes 
are now available to every industrious citizen ; how the causes and 
sources of disease have been discovered and largely eradicated so 
that sickness is to-day almost a crime ; when we ponder on these 
marvellous achievements of one short century of crude empiricism 
in applying the discoveries of science, what may we not hope for 
from the endless future with an intelligent direction given to the 
labors of those who seek to garner the fruit of all science and not 
only to know the law but to control its operation, to harness the 
very laws of nature to the car of human progress? 

Such is my idea of the present opportunities and responsibilities 
of the Applied Scientist. If not of as noble or honorable a call- 
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ing as that of pure Bclence it is not unworthy of the life work of 
the best minds and of the highest honors the world can bestow. 
Such men are genuine benefactors. You cannot develop a man 
spiritually until he first has some of the comforts of life and some 
leisure in which to cultivate the spiritual graces. It has been well 
said that the greatest missionaries ever sent out from the civilized 
to the Jbarbarous have been the civil engineers. The ultimate 
consequences of these ameliorating conditions cannot be foretold. 
They certainly are not wholly physical, or material. They are the 
first stages of any great social development and spiritual evolu- 
tion. 

To this high service therefore are we called. To see that all 
scientific knowledge is turned into useful channels and that no de- 
partment of human industry suffers for a want of knowledge already 
stored away in some pure science granary, to foresee what needs 
to be done and to discern the best way to do it, is-the work of the 
Applied Scientist, and the further development of such men is the 
work not only of our Technical Schools, but also of the Applied 
Science section of this Association. 
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BETWBKN CTUMDBRS IN MULTIPLB CTIJKDBB BNOINBS. Bj PTOf . J. E. 

Obnton, Stevens Institute, Hoboken, N. J. 

[ABSTRACT.] 

Thborbm : Let the clearance spaces of an engine be filled with steam at 
admission pressure by cntshionlng. Then the greatest work to be obtained 
by expanding any volnme of steam admitted up to cat off, is equal to the 
work due the expansion of this steam with aero clearance, if it be assumed 
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sion. TbttsMn fig; i; let A B CD be the tfctbal card. S'C'iir the yOHim'er 
sdnritted each BVr<jke. Lay off&fM^ B afttd draw the' cfiepa«sf5n hnefff' 
by the same-law asfbtrB A and CD. Then in g,h tf^^k B CD^. 

APfOlOJlTIDK'Or TfiHOHBll TO MtfLimiig CYlAiDKlt BK^GTInb^ tA!t'V\g\ 3 

beaheaotiial ddmblned'cards^of a^compotmd'tfngfne^, CM'and QB being 
cushion lines compressing to admission pressure. Let I and J Mr'iiointS 

(188) 
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of release. Draw K I and P J parallel to O X. Since L M Is a com- 
pression line, K I is the volume sent into the low cylinder during exhaust 
of the high cylinder. Draw K U parallel to O T. Draw the expansion 
line I T treating U as the zero of volume, according to any law of ex- 
pansion common to engines, as say the Marriote, which is the highest line 
generally produced by practice. Then, If there was perfect action, or no 
loss of pressure between the cylinders, the volame K I by the above prop- 




Fio. 9. 

osition, should produce the work SKIT before exhaust occurs at J. 
Hence the difference between the areas SKIT and the actual area J W R Z 

T w D 2«t IT I Tj 

-}- K I L measures the loss, and the ratio skTI' ™"y ^® taken 

as a measure of the degree of perfect action. If there is a third cylinder, 
the volume J W is treated as is K I above and so on for any number of 
cylinders. 
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If L M or Q R are part cushion and part lead lines, or if there is do 
cushion at all, the method still applies, but there is a waste chargeable 
to uneconomical valve setting, which malces the proposition untruo, inas- 
inach as the volume K I cannot then produce the area S K ITeven if there 
was no loss of pressure l>elween cylinders due to cylinder condensatiou. 



Steam economt op the engines of thk screw ferrt boat Bremen. 
B5 Prols. J. E. Denton and D. S. Jacobus, Stevens Institute, 
Hobokeu, N. J. 

[ABSTRACT.] 

Thr tests were made by running the feriy boat at a uniform speed over 
a measured course. The principal data and results obtained are : — 

Test Test 
No. 1. No. 2. 

Cut off in H. P. Cyl. in per cent, of stroke . . - 33 43 

Ratio of expansion, 9.6 7.4 

Boiler pressure in lbs. per sq. inch above atm., - - 98.5 68.7 

Revolutions per minute, ....... 115.4 112.8 

Total horse power, 777.7 670.5 

, f For all purposes except heating, - - 20.7 24.7 

Steam per hour J , , , , ^ . , ., , « « «/. • 

^ ^ < Main engines and circulating pump, - 18.6 20.5 

perhorsepower|j,^,^^„gj,,^^ , - - - - . 18.1 19.9 

Per cent, of total steam used by the circulating and vacuum 

pump, 2.8 2.6 

The engine is a double compound having two low pressure cylinders 36" 
in diameter and two high pressure cylinders 20" in diameter. The stroke 
for all pistons is 28." The results obtained by this engine compare favor- 
ably with those obtained by the triple engine of the screw ferry boat 
Bergen, as published in the transactions of the American Society of 
Mechanical Engineers, Vol. xi. The steam for all purposes for the 
triple engine was 21.7 lbs. per hour per horse power, and for the engine 
alone 18.3 lbs. Total number of expansions 9. 

The reason that the compound shows as good an economy as the triple 
is that at this low rate of expansion the gain in economy due to clearance 
and less condensation by the use of three cylinders is counterbalanced by 
the additional loss of pressure between the cylinders due to passing the 
steam through the intermediate cylinder. The question is sometimes 
brought up : Will the economy as shown on a trial trip of a feri*y boat be 
attainable when it is put in service and will have its engines shut down 
during the time that it is in the slips? This question has been thoroughly 
investigated in the present and previous tests of ferry boats. The general 
results obtained are that when the horse power during starting and stopping 
is careAilly allowed for, there is no difference in the economy. 
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an anemometer placed in the Inlet pipe carefoUy noted. After ranning 
steadily for about three hoars the lamp U taken out and a steam radiator 
coil put in its place. By regulating the amount of steam that flows into 
the radiator the temperatures and reading of the anemometer are made the 
same as for the lamp. The amount of heat given up by the radiator coil 
is then the same as was given up by the lamp, and may be determined from 
the weight of steam condensed. To make certain of the quality of the 
steam entering the radiator It is slightly superheated and its pressure ac- 
curately measured. The temperature of the entering steam and of the 
condensed water leaving the coil Is measured by means of thermometers 
placed in mercury wells. The coil is arranged so that the condensed steam 
drains readily from it. If any portion of the coil or pipes leading to and 
from it tends to hold back the condensed steam it will fif>w from the coil 
in an irregular way and exact readings cannot be obtained. The con- 
densed steam flows downward to a small standpipe containing a gauge 
glass in which it is held at a certain height by throttling a discharge 
valve. It is finally discharged under the surface of cold water so that 
there is no loss ftom evaporation. The advantage of this method is that 
the effect of radiation from the box may be eliminated and that an accurate 
standardization of the anemometer is unnecessary. 

[This paper will be presented at the New York Meeting of the American 
Society of Mechanical Engineers, Nov., 1892.] 



Use of anemobieters for measuring the velocity of air in flumes. 
By Prof. D. S. Jacobus, Stevens Institute, Uoboken, N. J. 

[ABSTRACT.] 

Recent experiments involved the use of anemometers for accurately 
measuring the average velocity of air in flumes. The paper gives the gen- 
eral method finally adopted to standardize the anemometers and states how 
errors may be involved if other methods are used. The method flnally 
adopted was to impart a known amount of heat to the air passing through 
the flume, measure the temperatures of the air before and after having the 
heat imparted to it, and from this data determine the weight and volume 
of air. Having the volume, the velocity and rate of the anemometers are 
determined. 

The general results shown are that for the low velocities which existed 
in the tests the average velocity will be the same as that determined by 
taking an average of a number of the readings of the anemometer if it be 
placed in all positions in the flume and that if the anemometer be standard- 
ized in air at the same tempercUure as that passing through the flume the 
average for all positions may be relied on. If the anemometer is used in 
air at a greatly different temperature from that in which it is standardized, 
the readings will not be reliable and it is for standardizing in hot air that 
the method herein described is especially nsefhl. 
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Ad average velocity cannot be measured by moving the anemometer 
about the flume in such a way tliat the observer judges the average will be 
obtained. Experiments made by differently trained observers show that 
the results obtained in this way are about 20% too high. 



Relative economy of a single cylinder air compkessor with coouno 
by a spray of water and the present economy of thk compound 
coMPiiEssoRS AT QuAi DE LA Gare, Paris. By Fred. Taylor Gause, 
Stevens Institute, Hoboken, N. J. 

[AB8TRACT.1 

At the last meeting, the writer presented a paper on the maximum econ- 
omy attainable by the injection of water as a very fine spray into an air 
compressor cylinder. The results given in this paper were deduced from 




OM ^ Um,. 



experiments made by Mr. Post and myself for a graduating thesis at the 
Stevens Institute of Technology. The greatest saving realized, in the ex- 
periments presented in that paper, was 33% of that theoretically possible. 
In the cards presented at this time, which are taken from the 2000 H. P. 
compound compressor at Quai de la Gare, Paris, the amount saved is 85% 
of that theoretically possible. Of this amount only 8% is due to cooling 
during compression so that the Increase of economy in the compound 
compressor is mainly due to cooling the air between the two stages of 
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compression. The amount of saving due to cooling (hiring compression 
is the same as realized 4n a second set of our experiments, where cooling 
was effected as at Qnai de la Gare, by the water bein:; sprinkled into the 
cylinder, as a coarse spray J 

In the accompanying diagram, the carve with exponent 1.25 is the best 
result which I realized when compressing in a single cylinder and cooUng 
with a very line spray. The curve with exponent 1.15 is that which must 
be realized in a single cylinder to equal the present economy of the com- 
pound compressor at Quai de la Gare. 

This compressor has two low and one high pressure vertical air-cylin- 
ders, each of which is tandem to a steam cylinder of the triple-expansion 
engine which operates them. The valves 6t the compressors are ** con- 
trolled." Their areas are : L. P. Inlet 0.0I»6 of cylinder ; L. P. outlet 0.077 ; 
and outlet of H. P. 0.068 of area of cylinder. The compressors are de- 
signed to run at sixty revolutions per minute, though making but forty at 
the time these cards were taken. 

The combined card presents the mean of the six cards taken simultane- 
ously. The maximum and minimum points of the several cards are shown. 
In one of the low pressure cards some of the points fall outside the adia- 
batic, which may be due to a slight leak in the delivery valve. Part of the 
high pressure compression curve falls within the isothermal on account of 
the air in the intermediate receiver being cooler than the atmosphere, and 
the volume being diminished by the ajnount of clearance in the low cyl- 
inder. 



Bknding tests of TIMBER, ETC. By 'Prof . J. BuRKFTT Wbbb, Stevcus 
Institute, Hoboken, N. J. 

[ABSTRACT.] 

In making transverse tests of beams of wood, cast iron or any material 
that is not of uniform strength throughout, the work should be done in 
such a way as to secure the most accurate results with the least expendi- 
ture of labor and material. 

The problem may present itself in the shape a or b. 

a. The quality of a larue lot of beams is to be determined by the break- 
age of a number of specimens taken at random from the lot. 

b. A small number of beams of a standard material are to be broken 
and the average strength of the lot determined. 

In the first case economy requires us to determine the quality by break- 
ing as few'beams as possible, while in the second case the different tests 
should not be unnecessarily discordant and therefore of less value. 
The problem may be treated mathematically as follows : 
Let a beam which is of different strength in different places be repre- 
sented by a beam of uniform material and of uniform depth, but of a width 

*At the preaenk time spraying apparatns is being made for the Quai de la Gare com- 
pressors. When tliis is in operation a £till greater economy stiould be realised. 
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(l-r)a-(l)+(J=(l-r)Z+rd; 



I 



(l^r)+r^^ lZlIL:rri taid 



l^rl + rd 
This last expression shows that when d = the probable number depends 
entirely npon r, and that as r increases, {. e., as the good quality of the 
beams is increased, the probable number increases to infinity for perfect 
beams. This is as it should be ; for we should test an infinite number of 
perfect beams (r = 1) before finding a weak place. Suppose that r = I, 
say, then the probable number is 4, so that out of every four beams tested 
three are uselessly broken. 

Suppose now that d ■= Ji then for r = 1 and r «= | we have for the 
probable numbers only 

2 and I 
But d need not be so large ; supposing then that d » ^z, the probable num- 
bers wiU be 

iandS^ 

or, for d =* Jl, 

8 and f f 

We see from this that for values of r ranging from three-quarters to 
one the number of beams saved by making drills from 12 out of every 
28 to 28 out of 28, while for d^ ilit ranges from 12 out of 44 to 44 out 
of -44 — or, in general, a saving of twenty^five per cent and upwards in 
favor of testing with two weights instead of one, the saving showing in 
the decreased number of beams, which must be broken to obtain a result 
of a certain degree of accuracy. 

In cases where it may be desirable to employ the method by two weights 
without increasing the shearing effect of the weights a beam must be used 
one-third, or one-seventh, longer according to whether d » ^2 or |2, which 
makes low valnes of d preferable ; but this lengthening is not necessary 
unless the limit of shear is reached and may probably there be avoided by 
an improved method of attaching the weights and supports. 

The suitable value would then seem to be 
d « i2 to d » il 

A variable value of r has been considered with any number of weak 
places in a beam, and also the effect of the degree of precision required 
in results, but the outline above given is sufficient for presentation in this 
abstract. 



Description of a transmission dynamometer (model exhibited). 
By Prof. G. W. Hough, Evanston, 111. 
[abstract.] 
The transmission dynamometer described, was constructed to be used 
on a flfly volt dynamo, at the Northwestern University. 

It consists of a pulley, in which is coiled a spiral spring, for measuring 
the torque of the shaft. The use of a spring is not new, but in instra- 
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ments, hitherto constructed on this plan, the friction of the apparatus has 
been so considerable as^to impair greatly its value as an instrument of 
precision. In order to malce the Instrument sensitive to slight changes in 
the torque, the pulley and sleeve are separated by two rows of steel ball?, 
by this device securing minimum of friction. The amount of torque is 
measured by the motion of a collar, moved by a worm cut on the pro- 
longation of the axis of the pulley shaft. 
It is an instrument of precision. 



Negativb specific heat. By Prof. Dk Volson Wood, Hoboken, N. J. 

[abstract.] 

Extending the definition of specific heat so as to include all kinds of 
specldc heat as now used by physicists and engineers — specific heat was 
defined as the heat that must be absorbed in order to raise the temper- 
ature of unity of weight of matter one degree under an assumed law of 
change of pressure and volume. Three kinds of specific heats are used — 
that at constant volume, at constant pressure and. In the case of vapors, 
of constant weight. A formula was then deduced for the specific heat 
of a pound of fluid a part of which was liquid and the remaining part 
vapor of that liquid. By means of this it was shown that when water is 
present with steam, there is a temperature at which the specific heat of 
the mass is zero, and above that temperature the specific heat is positive 
and at lower temperatures it is negative. Also when the fiiild Is all sat- 
urated steam, the specific heat is always negative, as was shown In i850, 
by both Cluusius and Rankine. 

It was then shown under what conditions the specific heat of a perfect 
gas may be zero, negative or Infinity. Beginning with specific heat at con- 
stant pressure, and conceiving the path to be rotated about the initial 
state, the heat absorbed along any path raising the temperature one degree 
would be the specific heat for that path, there being constantly a pound of 
fluid, and the heat so absorbed would diminish until the path coincided with 
an adlabatic, when It would be zero. Continuing the revolution into the 
second angle, it was shown that for any right lined path In the second angle 
heat must be emitted while the temperature is increased giving a negative 
specific heat. It increases from zero to infinity, the latter being the value 
when the path is isothermal. In the third angle it will be positive and 
decrease from infinity to zero, in the fourth angle it will be negative and 
increase from zero to minus Infinity, and positive in the first angle. 

When Ice Is changed. to water by the absorption of heat, a finite amount 
of heat is absorbed at constant temperature, and since the Increase of tem- 
perature will be zero, the specific heat at this change of state will be Infi- 
nite. The same is true at the state of changing water to steam. 

[This paper will be published in full In the Transactions of the Society 
of Mechanical Engineers.] 



Digitized by 



Google 



144 



SECTION D. 



TABLE NO. II. 
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The exteDsions are usually about the same as above. In Charlottesville 
aud Henderson they average about six cents, though nothing in 1891, and av- 
erage about ten cents in Wheeling. Whereas in Table II extensions are 
included under cost of gas malcing, and where, as in all the ten cities, the 
extensions and repairs average enougli every two or three years to keep 
the works as valuable as ever if not more so, there is no call to allow for 
depreciation. 

None of the cities except the last pav any taxes. Six pay no interest, 
being out of debt. Piilladelphla, though with little debt, and Danville, 
have far more than repaid to the city in cash the cost of the works. Ham- 
ilton and Fredericksburg, having only Just purchased their works, are still 
in debt for them. .The price of gas has been reduced in 1892, in Richmond 
and Danville, to $1.25. 

In competitive business where there is no great risk or rare talent requi- 
site, the capital in the long run cannot exceed the cost of duplication, for 
otherwise rivals will rush Into the business and by forcing prices down to 
such as yield only normal proOts will force down the value of the plant. 

While the cost of duplicating gas works in cities of over 80,000 is shown 
by the experience of public companies to be between $2 50 and $8.50 per 
thousand feet the capitalization in the twenty-two largest cities of th« 
country averages $7.72, and in eighteen of them $8.78, which indicates the 
monopoly profits of the gas business. 

The experience of Richmond, Va., well Iliustrafee« the advantages of city 
ownership; with gas coal at $4.60 a ton, coke at only six cents a bushel; 
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With the price of gas at |1.50 and the consumption public and private in 
1891, 181.320,000 feet, the city made above all expenses, inclu(]/ng repairs; 
nnnsual Improvements and extensions, the cash sum of |U,646.46. Be- 
sides this the cltyobtiilned free 51,122,600 feet for public use which at 
41.50 per thousand feet was worth $76,683.90. The total profit was thus 
#121,330.36 or 20.22 per cent, profit on #600,000 necessary, according to 
the superintendent, to duplicate the worlcs. Even if taxes be deducte<1, 
and public companies pay none, the profit would remain fully seventeen 
per cent. The gas Is now sold to consumers at #1.25 per thousand feet. 

Most of the cities owning their gas worlcs have entirely paid for them 
oat of their net earnings ,and have been so mucli pleased with the results 
that several have lately constructed city electric light plants, viz., Wheel- 
'Ing, Danville, Alexandria, Charlottesville. Nearly one hundred cities in 
the United States now own their electric light plants. Almost monthly 
another city is added to the number. The profit In gas seems greater at 
present, however, than In electric lighting. 

Some, in the face of all this, argue against city ownership of gas works 
as leading to public ownerahlp not only of street and steam railways, tel- 
^^aphs and telephones, but of baker shops and factories. As well hold 
that no one should eat lest he eat too much ! Expediency, the result of 
experience, must determine how far to go and they seem to Justify public 
ownership and management of ^as works, water works and electric lights. 
The same would doubtless be trae of the telegraph and telephone. 



EXTKNSOMKTBR FOR MEASl^RINO DISTORTION OF SPECIHBN8 UNDER TEST. IN- 
STRUMENT EXHIBITED. By Prof. J. B. Johnson, Washington Univ., 
St. Louis, Mo. 

[Description of the Instrument with cut Is published In Engineering 
News for August, 1892.] 



PBCUUAR VISIBLB strain in STBRL WHRN TKSTBD in TENSION COMPRESSION 
AND CROSS-BREAKING. EXHIBITION OF SPKdMKNS AND PHOTOGRAPHS. 

By Prof. J. B. Johnson, Washington Univ., St. Louis, Mo. 



Exhibition and description of combinrd yard and bietsr standard 
BAR. By Prof. William A. Rogers, WatervlUe, Me. 



InTESTIQATIONOF a 21 FEET PRECISION-SCREW. By Prof. WlLUAM A. ROG- 
ERS, WatervlUe, Me. 

A. A. A. 8. VOL. XLL 10 
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BY 

HENRY S. WILLIAMS, 

VICE PBE8IDENT, SECTION E. 



THE SCOPE OF PALEONTOLOGY AND ITS VALUE TO 
GEOLOGISTS. 



The scientific study of fossils is scarcely a century old. It was 
in 1796 that Cuvier for the first time ventured (o say that certain 
fossil bones found in the Paris basin represented an extinct species 
of elephant. About the year 1819, William Smith became famous 
by proving that rock strata could be traced across the country by 
their fossils, that at each outcrop across miles of interval a stratum 
could be recognized by the identity of the fossil shells it contained. 
Previous to this, fossils had been regarded as curiosities. Cuvier 
and Smith made it clear that fossils tell us of organisms of whose 
, existence or nature we should otherwise be ignorant, and that the 
kinds of organism are, somehow, related to the different strata of 
rocks. 

Deshayes, who was a friend of Lamarck, Lyell, and a little 
later William Lonsdale were among the first to demonstrate the 
wide scope of paleontology and its inestimable importance in the 
interpretation of the problems of geology. 

Lyell tells us in his Antiquity of Man (Sir Charles Lyell, 
The geological evidences of the Antiquity of Man : 1870, p. 8) of 
the method he employed in determining the subdivisions of the 
Tertiary : " When engaged in 1828" (he writes) " in preparing for 
the press the treatise on geology, above alluded to [the third vol- 
ume of 'Principles of Geology'] I conceived the idea of classing 
the whole of this series of strata according to the different degrees 
of afiQnity which their fossil Testacea bore to the living forms. 

(149) 
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derivative theory of evolution. But it is becoming every day mofe 
and more apparent tiiat tlie reason for its great value to geology, 
and for the grandness of the scope of paleontology is the fact that 
its subject matter is the record of the history of organisms. 

To the comparative paleontologist fossils are hieroglyphics 
which tell more fully than those of Egypt and Persia of the habits, 
customs, migrations and environments of the successive races from 
the beginning of the world. Although the stratigraphic order is 
all important in reading them, when the clew to the story is found, 
the fossils are as much more important than the stratigraphy (to 
the correct interpretation of geology) as the meaning of a sentence 
is more important than the succession of the words on the page. 

But I speak here of the scope of the pure science. Before this 
audience I would call particular attention to the value of compara- 
tive paleontology to the geolognst, tis a means of determining the 
structure and development of the earth. 

Lyell was the first to use paleontology as a means of classifying 
geological formations. In establishing the divisions of the Tertiarj*, 
t. 6., Eocene, Miocene and Pliocene, he made a numerical com- 
parison of the faunas themselves. This method has its imperfec- 
tions, but the fundamental truth underlying its application is that 
there is a natural order of succession in the history of organisms 
whose remains are preserved in the strata. This order of succes- 
sion is observable in respect of three different sets of characters : 

(1) The parts or organs of which each individual organism is 
composed. 

(2) The separate species existing at any particular time. 

(8) The combination of species mto faunas or floras which are 
associated with certain conditions of environment. 

In the first case we know how the organs arise, not ready made, 
but in each individual by gradual modification of the organless 
germ one after another the various parts and organs of the adult 
are perfected. The paleontologist has learned that in some gen- 
eral way, at least, the forms of organs have followed the same 
law of natural sequence. As among vertebrates, the m^ltirayed fin 
of the fish, the webbed paddle of the enaliosaur, the paw of the 
crawling reptile, the hand of man form a natural sequence of de- 
velopment, the later in each case presupposing the preceding stage. 

In the second case it is well known that there is a natural suc- 
cession of species. This succession points to genetic relationship 
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between successive species, and it is an establislied law of this 
succession that species most like each other occur near together in 
the chronologic order, and species of the same genus, presenting 
the greatest divergence from each other, are also the more widely 
separated in time. 

In the third case it is known regarding living organisms that they 
present natural association with each other and in adaptation to the 
various conditions of environment. The law of this association is 
expressed by the terms fauna and flora. Paleontology teaches that 
the faunas and floras change, and, as the law of Lyell illustrates, 
that this change is gradual and in a definite order. The individ- 
uality of a fauna can be recognized and can be followed out in 
its successive changes, and these changes are best explained by 
the law of adjustment to environment. 

In the series of modified organs we see the law of organic devd- 
opment^ in the series of successive species of a race, the law of 
Jiei'fiditary evolution^ and in the composition and changes of suc- 
cessive faunas the law of adjust! ve adaptation to environment. 

It is as expressive of these laws that the fossils become such 
delicate tests of the chronological order and the geological condi- 
tions of the past. * 

In the interpretation of the divisions of the Tertiary, Lyell ob- 
served the law of succession of a single^ fauna, and, for a single 
continuous fauna, the gradual accession of new species and ex- 
tinction of old express a normal law of succession. If, how- 
ever, two faunas are compared, the number of common species 
will depend upon the likeness or difference in the environing con- 
ditions. To apply the Lyell ian principle correctly, it is necessary 
to compare the successive faunas of the same province, and for the 
recognition of the province too, it is necessary to consider the pos- 
sible change of climate, or the effect of the shifting of conditions 
by elevation or depression of the bottom, or change of relation of 
surface of sea to surface of the land. This principle involves the 
fact that each species has a limited life period, but it does not in- 
volve, in Lyell's first usage of it, the fact that one species is nec- 
essarily descended from another. 

Before this latter law was accepted as a fact, the natural sequence 
of species, and of genera and orders was known. Lamarck had 
advanced the idea of the spontaneous origin and progressive de- 
velopment of the organisms of the earth, bat it is interesting to 
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note the fact that the natural sequence of different orders of beings 
was generally accepted before it was granted that natural descent 
was the explanation of the sequence. Deshayes maintained that 
the species of the Cretaceous were all extinct, and in this fact was 
found the ground for separating the Tertiary order of rocks from 
the Secondary, the former alone containing shells identical with 
those now living. 

The laws of geographical distribution, with resultant modifica- 
tions of those combinations of species called fauna and flora, and 
the modification of the species themselves in their adjustments to 
changed environment, are sufficient to explaifi the imperfections 
of the Lyellian principle of determining relative antiquity of for- 
mations by the mere numerical proportion of recent species they 
contain, but as a general principle it is satisfactory. The same 
principle of numerical comparison when applied to genera, families 
and orders furnished the basis for the classification of the geologi- 
cal series into Cenozoic, Mesozoic and Paleozoic. 

The mere numerical comparison of faunas is incapable of very 
minute application in marking the chronological scale, for the 
reason that the life period or range of species is often equal to that 
of a geological period, and the life period of a genus may span 
two or three systems. In these particulars I refer specially to 
invertebrates. Land vertebrates express a much greater sensitive- 
ness to changes of environment, but as a means of determining 
the geological age of strata, they are of such rare occurrence as 
to be practically useless for the general geologist. Vertebrates 
when they are present, as well as plants, are of extreme value as 
time indicators. Thus it is evident that we owe to comparative 
paleontology, and not to stratigraphy or lithology, the primary 
classification of the geological scale, and the means of distinguish- 
ing the chronological position of each formation. 

A second invaluable service of paleontology to geology is found 
in the application of the law of succession of the great groups of 
organisms. In the history of vertebrates we are all familiar with 
the law of succession : (1) Fish, (2) Amphibians, (3) Reptiles, 
(4) Mammals, and in another line, (3) Reptiles, (4) Reptilian 
Birds, (5) Birds. The finding of remains of any one of these 
groups of animals is sufficient evidence that representatives of the 
lower type had previously existed. The abundance of reptilian re- 
mains is certain indication of later age than the Paleozoic ; the 
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abundance of mammals, of age later than Mesozoic. In the same 
waythe trilobites are known to be an ancient type, and the decapods 
a more modern type of Crustacea. The Tetracoralla are older than 
the Hexacoralla. And a great number of similar instances can be 
named, where, in a particular class or order of organisms, there 
is a definite succession in the order of tlieir dominance, and theo- 
retically it is believed in their initiation also. 

A third application of Paleontology is made by a comparative 
study of species of a particular genus, or the genera of an order. 
In each genus there is observed to be a period of particular abun- 
dance before or after wliich there is more or less rapid diminution 
in the number of species found. Thus the brachiopods, so abun- 
dant all thi'ough the Paleozoic rocks, present a definite order of 
sequence in the genera and families, relative abundance of species 
of which, irrespective of specific names, is a reliable indication of 
geological age. The Cambrian is indicated by the abundance of 
its Obolidae and other inarticulate genera, the lower Silurian by 
abundance of Orthidse and Strophomenidse, the upper Silurian by 
numerous genera of Strpphomenidee, Pentameridse and Rhynchon- 
ellidse, the Carboniferous by dominance of the Productidae, the 
Mesozoic by dominance of Terebratulidse and absence of the Pal- ^ 
eozoic types. So, too, the Cephalopods furnish a scale of families 
which present a natural sequence, the Orthoceratidae, the Groniat- 
itidse, the Ceratitidse, the Ammonitidse, and the dominance numeri- 
cally of these several divisions at once testifies to the first half of 
the Paleozoic, the second half of the Paleozoic, the first half of the 
Mesozoic, the second half of the Mesozoic, and the absence, or 
almost total absence of each, to the Tertiary and Recent. 

Less is known of the succession of species in continuous series 
as indicative of order of time. The famous case of the classifi- 
cation of the beds of the Lias by its Ammonites is a characteristic 
example. Oppel, Wright, Buchman and others have studied the 
Ammonites peculiar to each stratum and classified and defined 
successive zones thereby. 

The name applied to each zone is the specific name of the Am- 
monite peculiar to the bed, as 

Zone of Ammonites {Aegoceras) planorhia^ the planorbis bed ; 
" " " '' angtUatus^ angulatus bed ; 

and so on, hucklandiy tuberctUatus, ohtusus^ etc., beds. 

Although this is not the purely comparative method, but is 
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rather an extension of William Smith's principle of recognition of 
the beds by their fossils, the comparative element is seen in the 
succession of distinct species in succeeding, relatively thin beds. 
The studies of Branco and Hyatt expanded the investigation to a 
comparative study of the series of Ammonites of a single genus, 
and brought out thereby the exact laws of succession of the several 
known representatives of the family and their relation to each other, 
showing unmistakable succession in series of forms, whose order 
can be accounted for only as genetic. 

Hilgendorf,^ in his famous study of the Planorhia ot Steinheim, 
Waagen^ with the Ammonites^ Neumayr^ with the PcUudinaa and 
Hornes^ in the case of the Cancellana^ have traced elaborately the 
paleontological series of forms of a single genus, illustrating this 
important principle. 

In the case^of the Pliocene Palitdinas examined by Neumayr, a 
series from below upward was traced, which at the base exhibited 
a normal PcUttdina (P. neumayr i) and the latest of the series (P. 
hoerneai) was not only regarded as specifically distinct, but as the 
type of a distinct genus, Tulotoma, (See Neumayr, L c. p. 57.) 

Professor Hyatt^ has elaborately traced out all the known species 
of the ArietidcB in the same way, and arranged the different forms 
in series exhibiting their chronological mutations. Waagen applied 
this term ^^mutation" to the modification of form observed on 
comparing the successive representatives of such series, to dis- 
tinguish it from the modifications which are exhibited contem- 
poraneously, and are defined under the terms ^Wariation" and 
'^variety." The series of fossil horses described by Marsh and 
Huxley is another case in which the ''mutations" reached a generic 
value. 

All through the field of paleontology may be found similar series 
of genera in which the succession is of such a nature as to suggest 
genetic relationship and to lead to the theoretical construction of 
phylogenetic lines of descent. 

1 Hilgendorf, Pkmorhis muUiformii in Steinheimer SUsswasserkalk, Monatsb. Berlin. 
Akad. 1866. 

* Waagen, Formenriohe des Ammoniiee tubradkUtUf Beneeke's geognoBt-palKonto- 
log. BeitrSge, Vol. n. 

* Nenmayr und Paul, die Congerlen* and Paladinenschichten WestBlavoniens, Ab- 
bandl. d. geolog. Beichsanstiilt, Bd. vii. 

Neamayr, Die StSmme des Tiiierreicbes, 1889, pp. 66, etc. 

* HOrnes, DiefossUen Mollaeken des Wiener Tertiiirbecken a, Bd. I. 

* A. Hyatt, Qenesis of the Arietida, Mem. Mas. Comp. Zo()logy, Vol. XVI, No. 8, 1889. 
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Although it may be rightly objected that evidence is in most 
cases extremely imperfect, and in attempts to fill out paleontolog- 
ical series imagination has been freely- used in filling the gaps, 
there can be no question as to the immense value to geology of the 
knowledge already acquired in this highly theoretical part of pal- 
eontology. 

It is the differences observed on comparing fossils coming from 
different horizons and different regions that are of value in these 
determinations, and not the numerical proportion of identical forms, 
as in the William Smith method of identifying strata. It is the 
direct interpretation of observed variation and mutation of organic 
forms into terms of the amount ^of geological time and the extent 
of change in environment. 

This comparative paleontology, to be accurately used, must 
deal with the finer details of form and structure, because the evi- 
dence of genetic affinity must be perfectly clear before the series 
can be depended upon as expressive of the time order of evolu- 
tion. 

A remark should be made here upon the limitations to the use 
of fossils as indicative of geological age. Granting the general 
proposition that the differences exhibited by different species of the 
same genus are variations and mutations in the descendants of a 
common stock, still it is not possible to decide a priori what the 
rate of the mollification may have been. Certain modifications are 
undergone in a season during the ontogenetic development of the 
individual from the germ cell to the adult. In the same way ex- 
amination of a large number of cases in different groups of the 
animal kingdom shows that in many cases there is in the early 
stage of the life history of a new genus rapid expansion in specific 
modification, and later on each specific line appears to express 
only veiy gradual " mutation *' in respect of certain characters in 
which at its early stage it was definitely variable* In other words, 
upon studying the life histories of species, there appears good evi- 
dence of an initial stage in which the species present characters in 
a plastic state ; later these characters became fixed in each genetic 
line, and the species appear, on this account, to be more distinct in 
their characters. Hence the amount of difference exhibited between 
two species will not arbitrarily indicate their distance apart in the 
genetic series. Also different genera exhibit different rates of 
mutation. It results therefore that the law of mutation must be 
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stadied separately for each genus, and even then the accelerative 
effect of changed environment is not known, although it is within 
the reach of investigation. 

Another difficulty in the way of close application of these laws 
in determination of age is the fact tliat a priori it is impossible to 
tell whether the differences exhibited by two closely allied forms are 
varietal and associated with changed environment, or mutational 
and associated with the paleontological evolution of the race. The 
study of these problems must therefore be intimately associated 
with minute regard to stratigraphic sequence, just as in decipher- 
ing a manuscript, the succession of the words is essential to a cor- 
rect interpretation of the writing. 

The way in which the paleontological record supplements the 
stratigraphic evidence is seen in the fact that the paleontology is 
capable of showing gaps or omissions, the length and nature of 
which cannot be calculated from the strata themselves. 

Another mode of investigation has been employed in which the 
modifications of a particular part of an organism are made the sub- 
ject of inquiry. The case of the toes of the ancestors of the horse, 
from the five toed Eohippus to the one-toed modern horse, the 
camels, from the Poebrotherium of the Miocene to the Pliocene and 
recent Auchenia, as shown in the bones and in the teeth, are ex- 
amples. 

A typical illustration is the case of the development of the su- 
tures of the tetrabranchiate cephalopods. 

It will be remembered that the distinguishing feature of the 
cephalopod shell is its chambers, which separate it from the shell 
of the gasteropod. The edges of the partitions forming the cham- 
bers, where they meet the external walls of the shell, are technically 
called sutures. In the Nautilian shell, whether exhibiting a simple 
elongated cone as in Orthoceras, or a curved horn as in Gyroceras 
or Cyrtoceras, or a close coiled shell as in Nautilus, the sutures 
are simple. In other groups of chambered shells the suture line is 
wavy, forming lobes and saddles, or variously crimped, as in Gonl- 
atites or Ceratites. These suture lines form a regular series which 
both in time of initiation and in the period of dominance express 
a simple law of evolution. Every geologist is familiar with the 
more apparent features of the series as seen in the genera Nautilus^ 
Ooniatites, Ceratites and Ammonites. 

The various degrees and forms of lobes and saddles are the basis 
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of elaborate classifications and systems of names proposed by Bey- 
rich, the Sandbergers and others, but up to the present time I 
think we have not a published classification which recognizes the 
fundamental law of evolution expressed in the series. In analj^zing 
the forrAs of suture, for my class in the History of Organisms, I 
found the following simple law to exist: The various suture lines 
of the chambered cephalopod shells can be distinguished by the 
differences in degree of complexity of the crimping of the edge of 
the septum, viz. : 

(a) In the Orthoceran and NautUian type, the edge of the 
septum is straight, or the curving is not enough to produce more 
than a single oscillation of the suture line during its complete cir- 
cumference. 

(b) The Ooniatite septum presents a lobed suture, but the edges 
of all the lobes and saddles are simple. 

(c) In the third type the lobes and saddles are variously crenu- 
lated. In the CercUite the crenulation affects the base of the lobes, 
in Helictites the top of the saddles is crenulated, and in Mendli- 
cottia the lobes, the saddles and the connecting parts of the suture 
are crenulated. 

(d) In the typical Ammonite^ there is a tertiary crimping of the 
suture line, i. e., eabh of the arohings of the line corresponding to 
the crenulations of ^fend/ico^^ea is again crenulated, forming a com- 
plexly foliate suture. 

(e) In the adult forms of Pinacoceras there is a still further 
elaboration of the crimping, the tertiary archings of the Ammon- 
ite are again crenulated, forming a quaternary stage of corruga- 
tion. 

The series presents a gradual elaboration of the crimping of the 
edge of the septum, forming a suture line, 1st, simple^ 2i\, primarily 
lobed^ 8d, secondarily corrugated or the crenulated type^ 4th, ter- 
tiarily corrugated or W\%foliaJte type^ and 6th, the qiLoternary cor- 
rugationa of Pinacoceras. 

In their historical bearings it may be said of this series that, 

1st. It is the order in which the various t3'pes make their first 
appearance in the geological series. 

2d. It is the order in which the several types become dominant. 

3d. It is the order of elaboration in the ontogenetic growth of 
the individual. 

4th. It is the normal order of physical relation boiiie by the 
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several types to each other ; each type is a physical elaboration 
of the next preceding type. 

The convolutions of the sutare are crimpings of the edge of a 
more or less flat disc — the septum — and these convolutions are the 
simplest mode of adjustment of the edge of such a disc, whose cir* 
cumference increases more rapidly than its radius. 

Considering only the differences in the sutures in the comparison 
of the several types, it would be correct to state that it would be 
physically impossible for the Ammonite's septum and suture to be 
formed without passing through the stages represented by the 
Nautilus, Goniatites and Ceratites. In other words, the exhaustive 
analysis of this one element of structure of cephalopod shells shows 
us that the actual history of the organisms has been exactly that 
which a serial classification on the basis of differences of this part 
would suggest, but that no other classification or order of succes- 
sion could take place by natural descent. It is unnecessary to 
speak of the value of such series for purely stratigraphical pur- 
poses. 

This is but one of a great many such mutations to be discovered 
in the study of comparative paleontology. The general law in- 
volved is this : in a series of genetically related forms in which 
the later representatives present a character which is but the 
physical elaboration of that found at a much earlier stage, there 
is implied the presence in the intermediate formations of species 
in which the character is in an intermediate stage of development, 
and of a continuous series connecting the extreme forms. 

I have thus far spoken of the general scope and application of 
comparative paleontology. I might cite many cases in which par- 
ticular problems have been settled by the use of these methods, 
and refer to the works of Neumayr, Waagen, Eayser, Barrois, 
Gk>sselet, Freeh, Tscherneyschew, and others in Europe, to the 
investigations of Hall, Whitfield, Whiteaves, White, Marsh, Cope, 
Walcott, Herrick, Hill, Prosser, Keyes, Clarke, and of Meek, who 
was one of the keenest of oiir earlier paleontologists. And there 
are many extremely valuable special investigations like those of 
Agassiz' on the echinoids, Hyatt^ on the cephalopods and those of 
their followers, Jackson, Beecher and others. But at the present 
time it will be impossible to speak of them, even were I able to 

1 BeTision of the Bchini, Cambridge, 187S-74. 
* See note on p. 157. 

A. A. A. S. VOL. XLI. 11 
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do tbem justice. I will, however, beg your attention to a series 
of paleontological investigations, with the details of which I am 
more familiar, and the steps of which are more or less related 
to each other, and have, collectively, resulted in throwing consid- 
erable light upon the geol<^y and geography of the Devonian 
system. 

As I have already said, the Devonian system was originally 
founded upon purely paleontological evidence. The question as 
to the lower limit of the Devonian in this country has been a 
purely paleontological problem, and the reason for including the 
Oriskany in the Devonian is because the fauna is more closely 
allied to that of the Looe and Cornwall slates, the Gredinnien and 
the Coblentzien formations of Europe, than to the Silurian faunas, 
and presents a larger proportion of species which connect it with 
the Corniferous faunas above than with the Helderberg below. 
(See Hall's list of species in 42d Annual Report of New York 
State Museum.) 

The correction of the ^'Chemung" of Iowa and Missouri and 
the adoption of de Verneuirs earlier interpretations of the Car- 
boniferous age of the fauna as perpetuated in the Kinderhook 
group, was settled by the evidence of fossils. 

The Hcrcynian question of Europe was debated on paleontolog- 
ical, not stratigraphical grounds.^ 

In 1881, the minute study of Spirifera loBvia^ leading to the pre- 
diction that the character by which Davidson distinguished the 
lower Devonian Spirifera curvata from the Carboniferous Spirifera 
gkbbra would be found upon the higher form as well, which after- 
wards Davidson confirmed, was the first step toward distinguishing 
the fauna of the upper Devonian of eastern America from the mid- 
dle Devonian fauna as to its origin. The suggestive fact in this 
case was that this rare American upper Devonian spirifer was mor- 
phologically more closely allied to a common lower and middle 
European species than to any preceding American form. This 
thought led to a thorough dissection of the Devonian faunas of 



1 See'Eayser, DleFannaderlQleBten DeTon-Ablasrerangen des Harses, Abhand. Oeol. 
Specialkarte tod Preassen .... Bd. ii. Heft 4. p. 247-1878. 

Also later disonssfons by Barrois, Lletse, Freeh, Novak and others and review by 
J. M. Clarke, 42d Annual Report of State Museom of Natural History of New York, 
1889, p. 409. 

• Williams, The life-history of Spiti/itr UbvU Hale:~a paleontological study, 1881» 
Ann. N. Y. Acad. 8c^ Vol. ii. No. 6. 
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New York and neigliboring states. The seiies of successive faunas 
along a common meridian were tabulated and compared.^ The 
sections were made parallel to each other and near enough together 
to make it possible to compare corresponding zones of the several 
series. By this method tlie law was established that the composi- 
tion of a fossil fauna changes on passing geographically from one 
place to anotlier. Upon tracing single species across these sections 
it was learned that the mutation of the species, not only may be 
recognized on passing vertically upward through a continuous sec- 
tion, but that the more direct line of succession was often deflected 
laterally so that the immediate successor of a particular fauna of 
one section was found not directly above it in the same section, 
but at a higher horizon in a section ten or twenty miles distant. 
This shifting of faunas was taken as actual evidence of migration 
and was interpreted as the result of oscillations of level. 

The examination of the remarkable fauna of High Point, at the 
southern end of Canandaigua lake (the locality of which was first 
shown me by Mr. J. M. Clarke), furnished me with a still further 
clew to the solution of the origin of the faunas. I recognized, at 
once, upon seeing it, that it was related to the Iowa Devonian, and 
differed widely from the typical upper Devonian of New York, in 
the midst of which it lay. Further anal^'sis of the fauna led to the 
discovery that the species peculiar to it apparently had their ances- 
tors in the middle Devonian of Europe ratlier than in any middle 
Devonian of America. With this stage of progress I examined 
the fauna peculiar to the Tully limestone. Much confusion had 
been thrown about it by the publication of a large number of 
species as ^^ known" Tully fossils. Special search was made in 
original localities with the result of eliminating a large number of 
reported species which were found immediately below the true Tully 
limestone in the calcareous termination of the Hamilton, where the 
typical Hamilton fauna is very abundant, and the true fauna which 
I described^ as the Cuhoides faunaj was carefully compared with 
that of every locality in the world of which I could find report of 
its presence. The result showed that in eastern America where the 
Tully appears the fauna of the Cuboides zone begins abruptly, and 



> Williams, On the Clofisiflcatioii of the upper Deronlan, Proo. A. A. A. S. Vol. 
zziv, 1885. 

'The Cuboides sone audits fauna; a disoussion of methods of oorrelation. BuU. 
tieol. Soc^ Vol. 1, 1890. 
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from It upward, all through the upper Devonian, is a fauna closely 
related in its species with the upper Devonian of Europe, Russia, 
Siberia, China and British America, and down as far as Iowa in the 
interior, the Nevada Devonian also showing close affinities with 
this type or fauna. But in Europe, where the statistics are abun- 
dant and clear, and so far as evidence bore upon the fact, also in 
Russia, Asia, and British America, the Cuboides fauna is the nat- 
ural successor of the middle and lower Devonian of those regions. 

Mr. Whiteaves, in his recent studies of the British American 
Devonian along the Mackenzie River valley,^ adds many points of 
confirmation of this view, as in some species, like Stringocephaltis 
Burtinij which had not heretofore been known in America, but 
were characteristic of certain middle Devonian of Europe. 

These purely paleontological investigations had proved, with a 
high degree of certainty, that, relatively speaking, tlie TuUy lime- 
stone marks a chronological point in the strata which within rela- 
tively small limits may be said to be chronologically and not 
merely taxonomically the same as the Cuboides zone of Europe 
and Asia, and, second, that the upper Devonian faunas of these 
several regions are more closely allieil than the typical upper De- 
vonian fauna of New York is to its typical middle Devonian fauna 
of the same area. This is a very important fact, and the principle 
involved is of vast importance in further studies of comparative 
nature. It makes necessary the tracing of the geographical dis- 
tribution of species in order to get accurate data for the interpre- 
tation of their geological succession. 

As confirmation, however, of the above conclusion, there has 
recently appeared a paper by Steinman and Ulrich on the Devon- 
ian fossils of Bolivia,^ in which we ai-e shown the origin of the 
middle and lower fauna of New York and eastern America. 

By the comparison of the Devonian faunas of B >livia, the Andes, 
Brazil, Falkland islands and South Africa, Ulrich determines their 
natural affinities with each other, and with the lower and middle 
Devonian faunas of eastern North America, and that they are re- 
markably distinct from the corresponding faunas of Europe and 
northern Asia. Not only does the presence of peculiar species link 
together these several regions and separate them from the northern 

1 The foBsils of the Devonian Hocks of the Mackenzie River Basin. Contiibationa 
to Canadian Paleontology, Vol. I, Part 8. 1891. 

* Beitriige sar Geologic nnd Pulaeontologie yon SUdamerika, I Palaeosolsehe ver- 
■teinerungen ans Bollvlen. 1883. 
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set of regions, but some of the more characteristic species of the 
southern hemispliere type, as VUulina and Leptoccdia^ are abundant 
and common to many localities and of higher range in the southern 
hemisphere and are rare or confined to lower horizon in the Appa- 
lachian Devonian of North America, thus indicating their extra- 
limital range in the latter region. 

In the determination of the genetic affinities of the faunas of the 
southern hemisphere with those of the lower and middle Devonian 
in North America, Just as in the tracing of the affinities of the Tully 
limestone fauna and upper Devonian, it is not the identity of species 
or the majority of species in contrasted regions that plays the 
greatest part, but it is the testimony of the somewhat isolated 
forms, whose local distribution is traceable, and also by the breaks 
in successive lines of species which are associated together as races, 
though the species at each stage or in different regions may be 
described under different names. 

In the study of the Cuboides zone, it was such species as Orthh 
tulliensisj Strophodonta mucronata var. tuUiensis^ EhynchoneUa 
venustula^ which told the tale, each differing specifically from any 
European species, but belonging to races, which in Europe had 
representative species extending from the Silurian through the 
Devonian into the Carboniferous system, but in the Appalachian 
region lacked representatives in the middle Devonian, though well 
represented in the upper Devonian of New York, and were repre- 
sented also throughout the Devonian deposits in the Nevada and 
Iowa areas. The continuance of the European type above this 
zone in the Appalachian region was also testified to by such species 
as Spirifera Icevis and Spirifera disjuncta^ Productus disaimilis of 
Hall {hcUliantis of Walcott) , Orthis impressa^ EhynchoneUa pugnus 
and others which are well represented in the fauna above the Cu- 
boides zone, but have no forerunners in the Appalachian higher 
than the lower Helderberg (in rare cases seen in the Corniferous) , 
while in the European faunas there are connecting species all 
through the middle Devonian, thus pointing to a change of fauna, 
not by extinction of the species, but by migration from one region 
to another. Just as the presence of the bones of Mylodon^ Mega* 
lonyXj and the tapir in the United Slates, now extinct in North 
America, indicates a former extension of the South American living 
fauna of mammals into this continent. 

It was by a similar method that Dr. Ulrich traced the historical 
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relations of the Hamilton fauna of the Appalachian province in 
eastern North America to the southern hemisphere. In his de- 
scription of the Bolivian fossils collected by professor Steinman, 
he made comparison not only with the species, but with the faunas 
of Brazil collected by Hartt, Derby and Rathbone, and of South 
African and Falkland islands' faunas described by Salter and 
Sharpe. The most striking evidence of the affinity of these several 
faunas was derived from the study of three rather abundant genera 
of brachiopods ; Z^epfocGsZta, VUuli'naAnd TVopido^ep^u^, genera which 
I would describe as old-type genera for this Devonian period, t. e., 
preserving the form and general characteristics of the lower Silu- 
rian Orthidae and Strophomenidse but assuming the later character 
of calcified brachial supports of the TerehrcUulcu and Spiriferidce. 
At least this is the case for the first two genera, and Tropidoleptus 
possesses the punctate structure characteristic of the Terebratulas. 

Dr. Ulrich observes that Leptocodia is found in North America, 
particularly in the eastern part, in Bolivia, on the Falkland islands 
and in South Africa, but not a single case of it has been reported 
from the Devonian deposits of the other regions, Eurape, Asia 
and Australia, and that the South African and South American 
species reach larger dimensions than those of North America 
{I. c. pp. 62, 63). 

A point bearing upon the general discussion, which Ulrich did 
not observe, is the fact that this Leptoca^lia fauna extended north- 
eastward as far as Quebec, Maine and Acadia, and in that region 
is the terminal marine fauna of the Devonian. There was evi- 
dently a barrier already separating the European sea from that of 
the Appalachian region, and the connection with the South Ameri- 
can faunas was by the southwest. This in some measure may ac- 
count for the conspicuous absence of characteristic European types 
in the Appalachian Hamilton faunas. 

In regard to the genus Vitulina^ Dr. Ulrich remarks that it ap- 
pears in America, but is there a rare species in the later Hamilton, 
''While," he says, 'Mt is in South America apparently present in each 
of the hitherto discovered Devonian regions," viz., the province of 
Para in Brazil, as reported by Rathbone in Coati Island, Titfcaca 
lake, according to Agassiz and Garman, the province of Sao Paulo, 
reported by Derby, Central Brazil by Smith, and in Bolivia, in sev- 
eral localities, by Steinman, South Africa, Schenk (Z. c pp. 73, 74). 
But it is entirely wanting in Europe, Asia and Australia. These 
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facto show the type to be peculiarly a soathern one, but it may still 
further be remarlced that tlie VUulina is in America isolated and 
above the horizon of Leptocoelia^ whereas in Bolivian region it is not 
only associated with Leptooodia^ but is common and appears also 
in other apparently higher zones in association with Jropidoleptus, 
which later in South America is not found associated with Lepto- 
codia indicating that the North American appearance of the type 
is extra-limital and later than ito greatest dominance in South 
America. 

TropUloleptus shows a different history. It is seen in Europe as 
well as North and South America and Africa, but in North Amer- 
ica it is associated with a southern origin, for while it is particu- 
larly a Hamilton species and of the Appalachian province chiefly, 
it runs up into the upper Devonian of eastern New York, and is 
seen above the Cuboides zone. But it is wanting in the Macken- 
zie river basin fauna ( Whiteaves, '^ Tbe Fossils of the Devonian 
Bocks, etc., 1891), which is the Devonian of European-Asia. In 
the European fauna it seems to be confined to a lower horizon, the 
Coblenzien of Europe or the Looe slates, while in America it is 
more characteristic of the higher part of the Hamilton, and in Cen- 
tral New York is even a Chemung species. It is reported from 
Illinois and Iowa, but is evidently a rare form in those faunas, 
and in Nevada, where it is in the lower Devonian as it is in the 
European faunas. Thus its range in the Devonian deposits of the 
Appalachian region points to its association with the southern 
faunas and migration with them after their general separation 
from the European faunas, whose connection with North Ameri- 
can areas was by way of Asia and across the Pacific basin after the 
close of the Silurian, rather than by any connection across the 
Atlantic basin. 

The other species cited in Ulrich's paper on Fossils of Bolivia 
support the same conclusion that there was a close relationship ex- 
isting between the Devonian faunas of South America and South 
Africa and the fauna in the Appalachian trough, reaching as high 
as the Hamilton formation, and that this general fauna was distinct 
from the European-Asiatic fauna of the same period. This dif- 
ferentiation of the lower from the upper Devonian faunas occur- 
ring in the Appalachian region, and the tracing of them to centres 
of geographical distribution in opposite hemispheres of the globe, 
throw light upon certain other important geological problems con- 
cerning the Devonian deposits of North America. 
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As we follow the elaborate series of Devonian fonnations of 
New York south westward across Pennsylvania, Oiiio and Kentocky, 
we gradually lose the separate members, and black shales become 
conspicuous in their places, and in Tennessee there is but a thin 
black shale to represent this whole interval, and in northern Al- 
abama scarcely anything separates the Silurian (in some cases 
lower Silurian) from the Carboniferous resting unoonformably or 
even conformably upon it. Similar conditions are seen in north- 
ern Arkansas, where, about the Ozark uplift, the erosion of the 
Silurian terrane is such that at the corner of Illinois, Helderberg, 
Oriskany and even traces of Hamilton are lefl in place, while fur- 
ther west, the latest is Helderberg, or Niagara, or Trenton, and at 
extreme points magnesian limestone was the surface rock when the 
black shale was deposited, to be immediately followed by typical 
carboniferous fossils. In Texas we find a similar cutting out of 
the Devonian, and more or less of the upper Silurian, and the Car- 
boniferous following the interval. These facts point to an elevation 
sufficient to occasion extensive erosion toward the southwest, fol- 
lowed by depression, which gave occasion for the deposition of the 
black shale over extensive areas. 

If we are correct in tracing with Ulrich his Bolivian Devonian 
fauna to South Africa and recognizing it in the lower and middle 
Devonian faunas of the Appalachian area of North America, and in 
nferring, as I have su^ested, that the change in fauna at the close 
of the Hamilton in New York was associated with the arrival of 
the Cuboides fauna into the Appalachian region, and thus that the 
upper Devonian is distinctly a European-Asiatic fauna and con- 
nected with it across the Pacific down the Mackenzie region, it 
is evident that the time of the change of these faunas corresponds 
with the time of the geologic events in the southern central part 
of the United States, above referred to. The elevation which oc- 
casioned the erosion did not take place till the Hamilton period, 
and the depression and deposit of Black shales followed the 
incursion of the new fauna, or was, in part, contemporaneous with 
it. The erosion ceased and the deposition began in the south later 
than in the north, as is indicated by the fuller representations of 
the separate deposits at the north than at the south, also by the 
smaller amount of the deposits, as indicated by the gradually 
thinning black shale on passing from Ohio across Kentucky to Ten- 
nessee and Alabama. It was as early as the age of the Oriskany 
that the separation of the typical southern from the typical north- 
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era faunas took place, and in the extreme northeastera extension 
of the Appalachian region, the Acadian province of Maine and 
New Brunswick, we observe that this is the higliest marine fauna 
reached in the Devonian. Elevation evidently shut out access to 
the sea for this region. 

It is from that time on that the faunas of the Appalachian region 
present their essential relation to the southern hemisphere faunas, 
and show the absence of the typical European fauna. We assume, 
therefore, that a barrier was raised that shut off connection with 
European regions during the lower Devonian. The elevation to 
the south took place somewhere near the close of the Hamilton, 
and the theory we propose is that an elevation such as to divert 
the currents, bringing in first the Cuboides fauna' from the north- 
west and finally replacing entirely the Hamilton by the Chemung 
as far east as New York is the reasonable explanation of the facts. 

The interesting point is that the testimony of the migrating fauna 
chronologically agrees with the testimony of the oscillation, as re- 
corded in the deposits. All along the southern limits of Devonian 
exposures in the United States there is indication of an oscillation 
upward and then downward between the Hamilton and the begin- 
ning of the Carboniferous. 

The succession of faunas in New York indicates a change at the 
close of the Hamilton from a fauna whose closest affinities were 
with the^ South American faunas, to a fauna whose earlier stages 
were seen in Iowa, Nevada and the Mackenzie river, and whose 
affinities were with the Asiatic and European Devonian. 

In Arkansas and Tennessee the faunas of the Black Shale indi- 
cate that the first marine fauna to appear after the elevation and 
erosion are of an age as late as the Cleveland shale of Ohio, t. e., 
the very terminal parts of the Devonian or beginning of the Car- 
boniferous. This event, it will be noticed, is associated with 
that general elevation of the continent, beginning in the northeast, 
which is expressed by the cessation of marine faunas, and ter- 
minating in the Coal Measures and the final elevation above the 
surface of the great mass of the continent east of the Mississippi 
river. 

This illustrates the general law of the close relationship between 
the fossil faunas and their environment. Just as the geologist 
knows how to interpret the fineness or coarseness of sediments into 
relative distances from a shore line, so the paleontologist is able to 
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see in the sbifbiDg of faunas and the comparison of species evi- 
dences of elevation or depression of the marine bottom, which up- 
on reaching sea level produced often the diversion of ocean currents 
and consequent modification of faunas. By the comparison of ex- 
tinct faunas he learns to recognize the continuity or the discontin- 
uity of the conditions of environment such as mark geographical 
areas of distribution of living animals. The fossil faunas, their 
modifications and their migrations, as indicated by presence, ab- 
sence, rarity, abundance, size, variation, or mutation of their spe- 
cies, are the sensitive evidences of changing geological conditions 
upon which the geologist must depend for tying together his dis- 
connected facts. Fossils have too often been regarded as only 
marks for distinguishing the different geological formations, but 
the scope of the paleontology of to-day is far wider. The modem 
conception of the evolution of life has made paleontology the science 
of the History of Organisms. And it is because fossils exhibit in 
morphological characters the evidence of the ancestry through which 
they have arisen, and of the conditions of environment through 
which they have successfully struggled, that they are of such par- 
amount value in all geological investigations in which the elements 
of time or the order of sequence of events is concerned. 
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Submarine valleys on continental slopes. By Wabren Upham, 36 
Newbury St., Somervllle, Mass. 

[ABSTRACT.] 

On the Atlantic side of our continent the submarine valleys of the 
Hudson, St. Lawrence, and other rivers have been described by Dana, 
Lindenkohl, Spencer, and the present writer. The one of these valleys 
most perfectly known is the continuation of the present land course of the 
Hudson river to a distance of about 100 miles into the ocean. The course, 
width, and depth of this submerged channel have been very accurately de- 
termined by special work of the United States Coast Survey, many sound- 
ings having been taken along all Its extent and on the adjoining ocean 
bed. Where this valley reaches the outer part of the continental plateau, 
800 to 600 feet beneath sea level, a submarine fjord or cafion is cut below 
the general plain of the ocean bed along a distance of 25 miles, from 80 to 
100 miles southeast of Sandy Hook, to a maximum sounding of 2,844 feet 
in the fjord near its mouth. The edge of the continental plain is sub- 
merged 600 feet in the sea, while the eroded fjord itself is more than 
2,200 feet deep. This fjord Is cut in the seaward continuation of the 
Quaternary, Tertiary, and Cretaceous beds of Long Island and New Jer- 
sey. It proves that this portion of North America has been uplifted to a 
height at least 2,800 feet greater than now, allowing the Hudson to flow 
along the bottom of the fjord, during the closing part of the Tertiary 
era and the beginning of the Quaternary ; or the great uplift may have 
occurred or been repeated during the comparatively late stage of the 
Quaternary era when the principal interglacial epoch was succeeded by 
the accumulation of the later ice-sheet. 

On our Pacific coast several submarine valleys have been found by 
soundings, as reported by Prof. George Davidson of the United States 
Coast Survey. The bottom of the deepest of these, near Cape Mendocino, 
lies 3,120 feet beneath the sea level where it passes across the general 
submarine contour line of 600 feet. The fjord or cafion is thus eroded 
2,500 feet below the top of its banks. Prof. Joseph LeConte has shown 
that the uplift of this western side of North America more than 8,000 f^et 
above its present height, as known by the Californian submarine fjords, 
was during late Tertiary and Quaternary time, and that it was probably 
contemporaneous with the similar uplift at the east. 

(171) 



Digitized by 



Google 



172 SECTION E. 

Land fjords which indent all onr northern and Arctic coasts show that 
this epeirogenic movement reached to the archipelago north of our conti- 
nent and to Greenland. Similar land fjords indent the shores of IrelaDd, 
Scotland, the Hebrides, Orkney, Shetland and Faroe islands and the Scan- 
dinavian peninsula, atlbaining a maximum depth in the Sogne fjord, the 
longest in Norway, 4,080 feet below the sea level. These deeply eroded 
valleys, now filled by long inlets of the sea, prove that northwestern 
Europe was likewise lately elevated far above its present height. 

The most remarkable known example of submarine valleys is found, 
however, not in northern or circumpolar latitudes but near the equator. 
This is the continuation of the channel of the river Congo, on latitude 
6^ S., to a distance of about 100 miles and a dt*pth of more than 6,000 feet 
beneath the sea. A map of this wonderful submerged cafion, and a de- 
scription of the surveys and many series of soundings made for the selec- 
tion of the best course to lay a submarine cable connecting commercial 
stations on the African coast, by which the extent and depth of this cafi- 
on were ascertained, are given by Mr. J. Y. Buchanan, in the Scottish 
Geographical Magazine for May, 1887. Previous to Mr. Buchanan's ac- 
companying the party which with a steamship made this survey, he had 
been engaged in similar observations on the Challenger in its well known 
scientific cruise of three and a half years. 

Along its last twenty miles before it enters the ocean, the Congo has a 
depth of 600 to 1,450 feet beneath the sea leveL At the mouth of the 
river the width of this gully, as Mr. Buchanan calls it, is three miles, and 
its depth is 2,000 feet. Thirty-five miles out to sea, the width of the gul- 
lied submarine valley or cafion is six miles, apd its depth 3,440 feet. Its 
bottom there is 8,000 feet below the adjoining ocean bed of the continen- 
tal slope. At the distance of 70 miles off shore the general slope has 
fallen off to the depth of 8,000 feet, and below this the cafion has an ad- 
ditional depth of 8,000 feet more, the sounding to its bottom being 6,000 
feet. 

Several other submarine valleys of very remarkable character are found 
on this African coast a few degrees north of the equator, one of which, 
called the ''Bottomless Pit," is also mapped by Mr. Buchanan, with de- 
scription from five transverse lines of soundings. In this place, near 
latitude 6° K., the 600 feet submarine contour line approaches within a 
quarter of a mile of the shore. At the distance of one mile off shore, the 
width of the gully is less than a mile, with a depth of 900 feet ; eight 
miles off shore, its width is one and a half miles, with a depth of 1,960 
feet ; and two miles farther seaward, its width has increased to four miles, 
and the sounding to the bottom of the valley is 2,700 feet. The gradient 
of ascent at its side averages in some places 40 feet in the distance of 100 
feet, being at the rate of 2,000 feet per mile. 

Though Mr. Buchanan attributes these submerged cafions to the action 
of marine currents setting in landward under the lighter fresh water of 
the rivers, while the land, according to his belief, has held its present re- 
lation to the sea level, I think that geologists who have studied the sub- 
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marine yalleys of the eastern and western coasts of North America will 
confidently refer their origin in Africa, as on onr own continental bor- 
ders, to a formerly greater altitude of the land when It stood higher than 
now by as great an amount as the depths of the caiions below the ocean's 
surface. 

That the Congo submarine valley Is not yet filled with the alluvial silt 
of the river, which discolors the surface water to the distance of many 
miles off Rhore, proves that the subsidence of the land from its former 
altitude was geologically recent. These great epelrogenic movements of 
the vast plateau forming the southern half of Africa, like the oscillations 
before noted in North America and Europe, took place doubtless no long- 
er ago than during the Pleistocene or Glacial period and the closing stage 
of the preceding Tertiary era. 

It seems certain that these earth movements had an intimate relation- 
ship with the origin of the great lakes of Africa, and with the accumula- 
Uou and departure of the North American and European ice-sheets. 

Why large areas of the earth's crust have been thus upheaved and 
afterward depressed, I have attempted to explain in a previous paper on 
"Probable Causes of Glaclation*' (Appendix of Wright's Ice Age in North 
America). These' movements appear to me referable to the earth's con- 
traction, relief being provided between epochs of mountain-folding by the 
upheaval of continental areas and correlative sinking of sea beds, where- 
by the earth's volume is diminished This process is well consistent with 
Dana's doctrine of the general permanence of the continents and oceanic 
basins ; for upheaval of an ocean bed would not diminish but increase the 
earth's volume. 

Between times of mountain-building, portions of the continents have 
been greatly uplifted and anon depressed. Where such uplifts affected 
lands in high northern and southern latitudes, they became ice-covered. 
But at length the weight of the ice-sheet, and cessation of the stress in 
the earth's crust when late mountain ranges, as the Himalayas, the Sierra 
Nevada, and the St. Ellas range, have been further folded and faulted on 
overthrnst planes, again depressed these elevated areas and induced the 
rapid dissolution of their land ice. 



Tbbminal moraines m Nkw England. By Prof. C. H. HrrcHcocK, Han- 
over, N. H. 

[ABSTRACT.] 

The existence of a terminal moraine to the great ice-sheet was advocated 
by the author in 1868-8, when he discussed the Geological History of Long 
Island before the New York Lyceum of Natural History and the Long Isl- 
and Historical Society. He then stated that the back bone of Long Island 
was a section of it. Since that time these moraines have been found to ex- 
tend continuously from Long Island to Dakota ; and not less than a dozen of 
them have been found in Minnesota and Dakota. Owing to the lack of field 
work in New England it has been generally assumed that these phenomena 
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were wanting at the east, and that the drift occurring there represented 
only the deposit made by the second Ice sheet. Early this year Mr. R. S. 
Tarr described one of these moraines extending from Cape Ann in Massa- 
chusetts to near Turner's Falls upon Connecticut river, one hundred 
miles in length, in the American Journal of Science. 

During the present season the author has identifled the peculiar fea- 
tures of these moraines in New Hampshire and Vermont ; and is satisfied 
that three or four lines of them can be identifled. The deposits are in- 
dicated first, by moraines, either situated upon ledges or smoothed older 
till ; second, immense masses of material, or plains consisting of sand, 
grayel and boulders that have been washed from the moraines; third, 
eskers and Isames; fourth, the situation of lalces and ponds, being de- 
termined by morainic accumulation, and to some extent by the areas of 
drumlins. 

The first line determined is clearly defined, extending from Bartlett 
through North Conway, Albany, Tamworth, Sandwich and along the south 
border of Squam Lake. In Albany and Tamworth there are enormous 
piles of more or less water-worn material, over 200 feet high. In Sand- 
wich the ridge is capped by numerous dumps of boulders and moraine 
rubbish. In Centre Harbor, outcrops of ledges are very scarce because 
of the abundance of nhoved material. Another marked feature of this 
moraine is the sand and gravel plains of the Saco Valley in Conway, 
Fryeburg, Maine, and farther south ; and the region of Silver Lake in 
Madison, and Ossipee Lalie in Ossipee. This plain also extends up the 
valley of Bear Camp river to Sandwich. 

To thcr west of Ashland this moraine may be continued in the formation 
of Newfound Lake, immense piles of kames and moraines, south of Mt. 
Cardigan in Alexandria and Grafton, and in the abundant gravel and till 
about numerous ponds in Canaan and Mascomy Lake in Enfield. 

To the south anotlier line of moraines may be indicated by the moraines 
of Wakefield and Cottonborough, the damming up of the Winniplseogee 
lake in Alton, ponds in Gllmanton, North wood and Barnstead and the great 
plains of the Merrimack river near and about Concord including its eskers. 

Fragments of another line may be indicated in immense piles of mo- 
raine rubbish to the south of Moosilauke in Warren, traceable to ponds in 
Piermont to the west and to the sand plains of the Pemigewasset and Bak- 
er's rivers to the south. There may be relics of another line along the 
principal White Mountains as indicated by kames near Littleton, moraines 
at Bethlehem Hollow and Carroll. To the south of Mt. Washington there is 
a very large pile of moraine stuff in Mt. Washington river and to the east 
in the south part of Gorham. Combining these with the recent accumula- 
tion of specimens of boulders from near the top of Mt. Washington for 
the Columbian Exposition by Prof. W. O. Crosby, it would appear that 
the trustworthiness of the observations upon this highest summit of New 
England have not yet been satisfactorily challenged. 

The most important of all these moraines seems to extend through both 
Vermont and New Hampshire, from near Burlington, Vt., to theBangeley 
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Lakes In Maine. The author's ■ map of the Surf ace Geology of Vermont 
(1861) indicates uncommonly large delta deposits at the mouths of the 
Winooskl and Lamoille rivers, which may have been the wash from a mo- 
raine. To the east are the very thick terraces of the Lamoille river, hund- 
reds of ponds in Calais, Woodbury, Elmore and Cabot, much modified drift 
in the Fassumpsic valley and to the north near Lake Memphemagog, abun- 
dant kames blocking up the south end of WiUoughby Lake, Island Pond, 
etc. Farther east there is Umbagog Lake in New Hampshire, an expanse of 
the Megalloway river produced by glacial obstructions, and very likely 
some of the large adjacent Rangeley Lakes. 

It is noticeable that the drumllns of southern New Hampshire are 
grouped in two or three areas very suggestive of moraines that had been 
shoved southerly by an earlier ice-sheet, and thus compacted by a later 
movement of the ice. Their absence in the central and northern parts of 
the state are equally significant 

All these suggested morainic lines trend somewhat north of east. Be- 
cause of the presence of hills, mountains and valleys, the determination of 
these lines is much more difficult than in the prairies and level regions of 
the more western states. 



ExTRA-MORAiNic DRIFT m Nsw Jeksky. By Prof. Albert A. Wright, 
Oberlin, Ohio. 

[abstract.] 

The writer reported recent examinations of the region south of the 
moraine where glaciated material had been reported to occur, extending 
from Belvidere on the north, to Trenton on the south. Those which were 
north of the Musconetcong mountain were explained as having been 
formed by a temporary extension of the same ice-sheet that formed the 
moraine. This includes the localities about Oxford Furnace, Washington, 
Harmony, Phillipsburg, and on Musconetcong mountain, two miles south 
of Bloomsbury, at an elevation of 760 feet. The striated material at 
Monmouth Junction, and at Falsingtoii, Pa., near Trenton, was referred 
to the Columbia fonnation, a river wash. The two localities at High 
Bridge and Pattenburg, on the southeastern slope of Musconetcong moun- 
tain, were differentiated from those north of the mountain, as being com- 
posed of local material, mainly gneissic, and wanting in the northern 
quartzites and conglomerates which are so conspicuous in the deposits 
north of the mountain. Search for a continuous drift-sheet, connecting 
these two deposits with those to the north, was unsuccessful, so that they 
appear to be isolated and in an unglaciated region. The absence of drift 
from the large Triasslc area of Hunterdon county, and the non-diijtur- 
bance of the diabase outcrop on Sourland mountain were presented as evi- 
dence that no ice-sheet had ever passed over that region. 

[This paper is printed in fall with map, Oct. No. Amer. Geologist, 
1892.] 
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Notes bsabiko upon chanobs in thx frrolacial draikaqb of wbstkrn 
Illinois and eastern Iowa. By Frank Leverxtt, Denmark, Iowa. 

[ABSTRACT.] 

Data are famished showing that a broad and deep channel enters the 
Illinois from the northwest near LnSalle. The data so far as collected 
bear oat the hypothesis that the portion of the Aflsslssippl above the Rock 
Island Rapids was drained in preglaclal times through this channel to the 
Illinois, instead of down the present Mississippi, there bring decisive evi- 
deuce that no deep preglaclal channel exists along the present coarse of 
the river fk-om the Rock Island rapids to Muscatine. 

There Is a large preglaclal valley along the present Mississippi below 
Muscatine, whose upper course Is undetermined, but it seems probable 
that It was through the region now drained by the Red Cedar and Iowa 
rivers and it may have embraced the upper Minnesota. Examinations 
have shown that this channel passes the Des Muines or lower rapids on 
the west, through Lee county, Iowa, as suggested some years ago by 
General Warren. 



An episode in the history of the Cutahooa river. By Prof. £. W. 

Clayfole, Akron, Ohio. 

[abstract.] 

This paper deals with the deyelopment of the recent Cayahoga at the 
end of the Ice-age. North of Akron a peculiar feature is manifested in the 
present channel which leaves Its preglaclal path and passes through a rock- 
cutting about half a mile in length. The causes which led to the deviation 
form the subject of the paper, In which it is shown that the whole upper 
channel was filled with the sediment of a lake which formerly existed 
there. Through this sediment the present river has cut its way, removing 
a large part of the same. Various details regarding the history and pres- 
ent stage of the river are considered at some length. 



SOBCE FROBLEMS OF THE MrSABI IRON ORE. By Prof. N. H. WmCHELL, 

Minneapolis, Minn. 

[ABSTEAOT.] 

After briefly mentioning the theories that have been offered for the 
origin of this ore, the paper states some of the geological environments, 
and calls attention to the absence in the MesabI range of Minnesota of the 
various essential conditions which have been relied on for support for the 
separate theories in other iron districts. The true explanation of the ore 
therefore, seems not to have been yet suggested, and the problem remains 
an unsolved one. 

[This paper will be printed in the American Geologist.] 
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The Cbnozoic bbi>s of thb stakbd plains of Texas. By Prof. B. D. 
COPB, 2102 Fine St., Philadelphia, Pa. 

[ABSTRACT.] 

Thb OenoEoic beds referred to are the Loup>Fork, Blanco and Eqnas 
beds. Their geographical and stratigrapbical relations and their paleon- 
tology are described, especial attention being given to the Blanco Faana, 
which is intermediate in character between the others. 

[This paper will be printed in Report Geological Snrvey of Texas.] 



On a nrw form of Marsuplalia from thb Laramib formation. By 
Prof. E. D. Cope, 2102 Pine St., Philadelphia, Pa. 

[ABSTRACT.] 

This genus displays its marsupial character in the inflected inferior 
border of the mandible. It presents the peculiarity of true molars, f -tu- 
bercalar, with four simple premolars, well-developed canines and probably 
small incisors; and farther, in the molar function of the premolars. The 
genus was named Thlieodon. 

[This paper will be printed in American Naturalist.] 



Paleobotany of thb Yellow Gravel at Bridobton, N. J. By Arthur 

HOLLICK. 

[ABSTRACT.] 

A uttle more than ten years ago attention was first called to the fact 
that leaf impressions were to be found In a sandstone used for building 
purposes at Brldgeton, Cumberland Co., N. J. Specimens transmitted to 
Prof. Geo. H. Cook, then State Geologist, were by him referred to Dr. N. 
L. Britton, at that time his assistant on the State survey. A paper upcm 
the subject was presented by Dr. Britton at the Montreal meeting of the 
A. A. A. S., In 1882, entitled "On a Post Tertiary Deposit Contuiiiing 
Impressions of Leaves, in Cumberland Coanty, New Jersey.*** Subse- 
qnently he embodied the result of his investigations In a paper read before 
the N. Y. Academy of Science, Nov. 24, 1884, under the title of <*The Geo- 
logical Age of the Pre-Glacial Drift.*** During the year 1884, and a year 
or so subsequently, Messrs. J. B. Marcou and Frank Bums made further 
collections and the specimens were submitted to Prof. Leo Lesquereux 
for determination. They were numbered and some of them briefiy de- 
scribed and provisionally named In the Proceedings of the U. S. Natural 
Museum.' Dr. John I. Northrop, of Columbia College, next took hold 
of the matter. Thus far the specimens had been too poor for accurate 

iProo. A. A. A. 8. zxxl, 857>aV9. 'Trans. N. T. Acad. 8oi., iv, 81-^3. 

sproc. U. S. Nat. MaB., z, 21-48 and xi, 11-43. 

A. A. A. 8. VOL. XLI. 12 
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8tndy or comparison. Dr. Kortbrop spent some ttme in 1889 collecting 
and succeeded in obtaining a fine suite of specimens and was invited to 
publish his conclusions as a bulletin of the U. S. Geological Sunrey. 
Mtiny of the figures had been drawn and a few of the descriptions com- 
pleted, when a sudden accident terminated his life, June 26, 1891, and I 
was subsequently requested to take up the work where he had left It and 
to carry it through to completion. It is now practically in shape for pub- 
lication. 

Some twenty-five genera are figured and described, representing a flora 
almost identical with that of to-day a few hundred miles farther south. 
Nearly every genus is a living one, as are also a majority of the species. 

The medium in which they occur — a coarse, more or less friable sand- 
stone — is a poor one for the preservation of fine veinlng or serrations and 
scores of the specimens are worthless for this reason. Nevertheless the 
great abundance of the material is such that an excellent selection has 
been possible. So far as I am informed this is the only deposit of such 
remains known from the horizon of the Yellow Gravel. The following 
well known genera are represented : Magnolia, Asimina, Diotpyroa, 
jE9Culu8y Nyssa, Viburnum, Liquidamhar, Rex, Moras, Leucothol, Lauras^ 
Persea, Amelanchier, Hicoria, Castanea, Ulmus, Planera and Ostrya, be- 
sides several whose exact affinities are doubtftil. Amongst the most 
abundant and interesting of these latter area number of leguminous pods, 
apparently allied to the genera Mesoneuron or Pongamia, and a reed-like 
organism, referred provisionally to Cyperites. The following are some of 
the living species which have been satisfactorily identified: Magnolia 
acuminata, L., Aaimina triloba, (L.) Don., Diospyros Virginiana, Willd., 
Nyssa unifiora. Wait., Planera aquatica, Gmel., Ulmus Americana, L., Hex 
o'fMica, Alt., Leucothoi racemosa, DC, Liquidambar styraeijlua, DC, Persea 
Borbonia,(Ij.) Spreng, etc. — practically the arborescent flora of our Virginia 
lowlands to-day. It probably represents one of the latest fossil floras of 
which we have any remains and it no doubt flourished Just previous to the 
era of the glacial epoch. The leaves bear evidence of having been de- 
posited in slowly running water, as they are fk'equently so matted together 
that they cannot be separated. Further investigation would be sure to 
yield rich results, as the material is both abundant and readily obtained. 

[The paper was illustrated by drawings and specimens.] 
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ADDRESS 

BY 

SIMON HENRY GAGE, 

VICE PRESIDENT, SECTION F. 



THE COMPABATIVE PHYSIOLOGY OF BESPIBATIOy. 



Among the very first of the physiological acts observed were 
those of respiration. ^The regular movements of breathing, from 
the first feeble efforts of the new-born babe until the sigh in the 
the last breath of the dying — after which is silence, coM, and dis- 
solution — have commanded the attention and claimed the interest 
of every one, the thoughtful and the thoughtless alike. And one 
comes to feel that in some mysterious way ^Hhe breath is the life." 
But in what way does breathing subserve life or render it possible ? 
Aristotle and the naturalists of the olden time supposed that it was 
to cool the blood that the air was taken into the lungs, and, as they 
supposed, also into the arteries. With the limited knowledge of 
anatomy in those early days, and the fact that after death the ar- 
teries are wholly or almost wholly devoid of blood, while the veins 
are filled with it, what could be more natural than to suppose that 
the arteries were vessels for tlie cooling air? If one supposes that 
he has entirely outgrown this view of Aristotle, let him think for 
a moment how he would express the fact that an individual is de- 
scended from the Puritans, for example. In expressing it even the 
physiologist could hardly bring himself to say other than 'Mie has 
the blood of the Puritans in his veins" Would he ever say *'he has 
the blood of the Puritans in his arteries V 

As observation increased, the cold-blooded animals were more 
carefully studied and found to possess also a respiration ; they cer- 
tainly do not need it to cool the blood. Then there are the insects 
and the other myriads of living forms that teem in the oceans, 

(183) 
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lakes, rivers and even in the wayside pools. Do these, too, hare 
a breath? And the plants on the land and in the water, is the air 
vital to them? Aristotle and the older naturalists could not answer 
tliese questions. To them, on the respiratory side at least, all life 
was not in any sense the same. 

It was not till chemistry and physics were considerably devel- 
oped, not until the air-pump, the balance and the burette were 
perfected that it was possible to give more than a tentative answer. 
Not until tlie microscope could increase the range of the eye into 
the fields of the infinitely little, was it possible to form even aD 
approximately correct conception. The first glimmering of the 
real significance of respiration for all living things was in the 
observation that the air which would not support a flame, although 
it miglit be breathed, could not support life. That is, there must 
be something in the transparent air that feeds the flame and becomes 
the breath of life, the real pabulum vUcSj the merely mechanical 
action of the air not being suflScient. 

Since the experiments on insects and other animals with the air- 
pump, by Boyle (1670) by Bernuilli on subjecting fishes to water 
out of which all the air had been boiled, and those of Mayow 
(1674), it became more and more evident that respiration was not 
confined to the higher forms, but was a universal fact in the organic 
world. Tlien came the most fruitful discoveries of all, made by 
the immortal Priestley (1775-6), viz., that the air is not an ele- 
ment but composed of two constituents: Nitrogen, which is inert 
in respiration, and Oxygen, which is the real vital substance of the 
air, the substance which supports the flame of the burning candle 
and the life of the animal as well. 

What would seem more simple at this stage of knowledge than 
that the parallel between the burning candle and the living organ- 
ism should be thought to represent truly the real conditions? that 
as the burning candle consumes the oxygen and gives out carbon 
dioxide, so the living thing breathes in oxygen and in place of 
that consumed gives out carbon dioxide. And as in each case heat 
M produced, what would be more natural than to look upon respi- 
ration as a simple combustion ? This was the generalization of 
Lavoisier (1780-1789). As he saw it, the oxygen entered the 
lungs, reached the blood and burned the carbonaceous waste there 
found and was immediately given out in connection with the carbon 
with which it had united ; and as the gas given off in a burning 
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candle makes clear lime water turbid, so the breath produces a like 
turbidity. 

But liere, as in many of tlie processes of nature, tlie end pix)duct8 
or acts were alone apparent, and while the fundamental idea is 
probably true that respiration is, in its essential process, a kind of 
combustion or oxidation, yet the seat of this action is not the lungs 
or blood . If the myriads of microscopic forms are considered , these 
have no lungs, no blood, and many of them even no organs, — they 
are, as has been well said, — organless organisms; and yet every 
investigation since the time of Vinci and Von Helmont, Boyle and 
Mnyow have rendered it more and more certain that every living 
thing must be supplied with the vital air or oxygen and that this 
is in some way deteriorated by use ; and the nearer investigation 
approaches to the real life stuff or protoplasm, it alone is found to 
be the true breather, the true respirer. And further, as was shown 
long ago by Spallanzani (1803-1807), if one of the higher animals, 
as a frog, is decapitated and some of its muscle or other tissue ex- 
posed in a moist place, it will continue to take up oxygen and give 
out carbon dioxide, thus apparently showing that the tissues of the 
highly organizecl frog, may, under favorable conditions, absorb 
oxygen directly from the surrounding medium, and raturn to it 
directly, the waste carbon dioxide. This proves conclusively that 
it is the living substance which breathes, and that the elaborate 
machtner}' of lungs, heart and blood-vessels is only to make sure 
that the living matter, far removed from the external air, shall not 
be suffocated. Still more strange, it has been found that, if some 
of the living tissue is placed in an atmosphere of hydrogen or ni- 
trogen entirely devoid of oxygen, it will perform its vital functions 
for a while, and although no oxygen can be obtained, it will give 
off carbon dioxide as in the ordinary air. If it is asked, '' how can 
these things be?" the answer is apparently plain and direct. Not 
as the oxygen unites directly with the carbon in the burning candle, 
does it act in the living substance. The oxidations are not direct 
in living matter, as in the candle ; but the living matter first takes 
the oxygen and makes it an integral part of itself, as it does the 
carbon and nitrogen and other elements ; and finally when energy 
is to be liberated, the oxidation occurs, and the carbon dioxide 
appears as a waste product. 

The oxygen that is breathed to-day, like the carbon or the nitro- 
gen that is eaten, may be stored away and represent only so much 
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potential energy to be used at some future time in mental or phys- 
ical action. 

So far only living animal substance has been discussed. If 
plants are considered, what can be said of their relations to the air? 
The answer was given in part by Priestley (1771) who found that 
air which had been vitiated bj' animal respiration became pure and 
respirable again by the action of green plants. He thus discov- 
ered the harmonizing and mutual action of animals and plants 
upon the atmosphere ; and there is no more beautiful harmony in 
nature. Animals use the oxygen of the air and give to it carbon 
dioxide which soon renders it unflt for respiration ; but the green 
plants take the carbon dioxide, retain the carbon as food and return 
the oxygen to the air as a waste product. This is as thoroughly 
established as any fact in plant physiology ; and yet in his work 
Priestley had some which he called ^' bad experiments ;" for in- 
stead of the plants giving out oxygen and purifying the air, they 
sometimes gave off carbon dioxide, and rendered it more impure 
after the manner of an animal. What investigator cannot sympar 
thize with Priestley when he calls these ^' bad ex|)eriment8?" They 
appeared so rudely to put discord into his discovered harmony of 
nature. But nature is infinitely greater than man dreams. The 
*' bad experiments " were among the most fruitful in the history of 
scientific discovery. Ingenhausz (1787) followed them up, care- 
fully observing all the conditions, and found that it was only in 
daylight that green plants gave out oxygen ; in darkness or insufii- 
cient light they conducted themselves like animals, taking up oxy- 
gen and giving out carbon dioxide. Finally it was proved by 
Saussure (1804) and others that both for green plants, and those 
without green like the mushrooms oxygen is as necessary for life 
as for animals. It thus became evident that this use of oxygen 
and excretion of carbon dioxide was a property of living matter, 
and that the very energy which in the green plant set free the oxygen 
of the carbon dioxide was derived from oxidations comparable with 
those giving rise to energy in animals. Further that the purifica- 
tion of the air by green plants in light is a separate function — a 
chlorophyll function^ as it has been happily termed by Bernard — 
and resembles somewhat digestion in animals, the oxygen being 
discarded as a waste product; Indeed so powerful is the effort 
made to obtain oxygen for the life processes by some of the lowest 
plants — the so-called organized ferments, — that some of the most 
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nseful and some of the most deleterious products are due to their 
respiratory activity. In alcoholic fermentation, as clearly pointed 
out by Pasteur and Bernard, the living ferment is removed from all 
sources of free oxygen and in the efforts of the ferment for respira- 
tion the molecules of the sugar are decomposed or rearranged and 
a certain amount of oxygen set free ; and this oxygen supplies the 
respiratory needs of the ferment. 

It has been found that the motile power of some bacteria like 
Bacterium termo, e. gr., depends on the presence of free oxygen in 
the liquid containing them. When this is abseiit they become quies- 
cent. This fact has been utilized by Engelmann and others in the 
study of the evolution of oxygen by green and other colored water 
plants. The bacteria serve as the most delicate imaginable ox- 
ygen test, so that when the minutest green plant is illuminated by 
sufficient daylight, the previously quiescent bacteria move with great 
vigor and surround it in swarms. Out of the range of the plant 
the bacteria are still or move very slowly as if to conserve the mi- 
nute energy-developing substance they have in store until it can be 
used to the best advantage. 

May we not now approach the problem directly and answer, for 
the whole organic, living world, the question, ''what is respiration ?V 
by saying U is the taking up of oxygen and giving out of carbon 
dioxide by living matter. This is the universal and essential fact 
with all living things whether they are animals or plants, whether 
they live in the water or on land. But the ways by which this fun- 
damental life process is made possible, the mechanisms employed 
to bring the oxygen in contact with the living matter and to re- 
move the carbon dioxide from it are almost as varied as the groups 
of animals ; each group seems to have worked out the problem in 
accordance with its special needs. It is possible, however, in 
tracing out these complex and varied methods and mechanisms, to 
recognize two principal ones, — The Direct and the Indirect. 

In the first, there is the direct assumption of oxygen from the 
surrounding medium, and the excretion of carbon dioxide directly 
into it. The best examples of this are presented by unicellular 
forms like the amoeba where the living substance is small in amount 
and everywhere laved by the respiratory medium. But as higher 
and higher forms were destined to appear, evidently the minute, 
organless amoaba could not in itself realize the great aim toward 
which Nature was moving. There must be an aggregation of 
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amoebas, some of them serving for one purpose and some for 
another. Like human society, as civiiization advances, each indi- 
vidual does fewer things, becomes in some ways less independent, 
but in a narrow sphere acquires a marvelous proficiency. Or, to 
use the technical language of science : In order to advance there 
must be aggregation of mass^ differerUiaJtion of structure and special' 
ization of function. Evidently, however, if there is an aggregation 
of mass, some of the mass is liable to be so far removed from the 
supply of oxygen and the space into which carbon dioxide can be 
eliminated that it is liable to be starved for the one and poisoned 
by the other. Nature adopted two simple ways to obviate this : 
First, to form its aggregated masses into a kind of network or 
sponge with intervening channels through which a constant stream 
of fresh water may be made to circulate, so that each individual 
cell of the mass could take its oxygen and eliminate its carbon di- 
oxide with the same directness as its simple prototype, the amoeba. 

But in the course of evolution forms appeared with aerial respi- 
ration ; and the insects, among these, solved the mechanical dif- 
ficulty of respiration by a most marvelous system of air tubes or 
tracheae extending fh>m the free surface, and therefore from the 
surrounding air, to every organ and tissue. By means of this in- 
tricate network air 16 carried and supplied almost directly to every 
particle of living matter. The respiration is not quite direct with 
the insects, however, for the oxygen and carbon dioxide must pass 
through the membranous wall of the air tube before reaching or 
leaving the living substance. 

In the next and final step, the step taken by the highest forms, 
the living material is massed, giving rise not only to animals of 
moderate size, but to the huge creatures that swim in the seas like 
the whale or walk the earth like the elephant. With all of these 
the step in the diffierentiation of the respiratory mechanism con- 
sists in the great perfection of lungs or gills, and in the addition 
of a complicated circulatory system with a respiratory blood, one 
of the main purposes being, as the name indicates, to subserve in 
respiration by carrying to each individual cell in the most remote 
and hidden part of the body the vital air, and in the same journey 
removing the poisonous carbon dioxide. 

This has been called Indirect Respiration^ because the living 
matter of the body does not take its oxygen directly either from 
air or water, bqt is supplied by a middle man, so to speak. 
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The complicated movements by which water is forced over the 
gills, or by which the langs are filled and emptied, and the great 
cnrrents of blood are maintained, that is, the striking and easily 
observed phenomena of respiration are thus seen to be only super- 
ficial and accessory ; they only serve as agents by which the real and 
the essential processes that go on in silence and obscurity are made 
possible. 

So far I have attempted to give a brief r6sum£ of the views on 
respiration that have been slowly and laboriously evolved by many 
generations of physiologists, each adding some new fact or cor- 
recting some misconception ; and I trust that this brief sketch has 
recalled to your minds the salient facts in our knowledge of res- 
piration, and that it will give a just perspective, and enable me, if 
I may be permitted, to describe briefiy what I believe to be my own 
contribution to the ever-accumulating knowledge of this subject. 

In 1876-1877, Professor Wilder, who may be said to have in- 
herited his interest in the ganoid fishes directly fh>m his friend and 
teacher, Agasslz, who first recognized and named the group, was 
studying the respiration of the forms Amia and Lepidosteus^ com- 
mon in the great lakes and the western rivers. As his assistant it 
was my privilege to aid in the experiments, and thus to acquire the 
spirit and methods of research in the most favorable way, by fol- 
lowing an investigation by a master from its beginning to its close. 
The results of that inquiry were reported to this section in 1877, 
and formed a part of the Proceedings of the Association for that 
year. From that time till the present the problems of respiration 
in the living world have had an ever increasing fascination for me 
and no opportunity has been lost to investigate the subject. The 
interest was greatly increased by the discovery that a reptile — the 
soft-shelled turtle— did not conform to the generalizations in all 
the treatises and compendiums of zoology, which state with the 
greatest definiteness that all reptiles, without exception, are purely 
air breathing, and throughout their whole life obtain oxygen from 
the air and never from the water. The American soft-shelled tur- 
tles, Amyda and Aapidonectea^ at least, do not conform to this gen- 
eralization, but on the contrary naturally and regularly breathe in 
the water like a fish as well as in the air like an ordinary reptile, 
bird, or mammal. 

In carrying on the investigation of the respiration of the turtle 
there appeared for solution the general problem, which briefiy stated 
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is as follows: — ^In case an animal breathes both in the air and in 
the water, or more accarately, has both an aerial and an aquatic 
respiration like the Ganoid fishes Amia and Lepidoateua^ like the 
soft-shelled turtles, the tadpoles and many other forms, what part 
of the respiratory process is subserved by the aqueous and what by 
the aerial portion of the apparatus ? So far as I am aware this prob- 
lem had not been previously considered. It was apparently as- 
sumed that there were in these fortunate animals two independent 
mechanisms, both doing precisely the same kind of work, that is, 
each serving to supply the blood with oxygen and to relieve it of 
carbon dioxide as though the other were absent. That was a nat- 
ural inference, for with many forms the respiration is wholly aquatic, 
all the oxygen employed being taken from the water and all the 
carbon dioxide excreted into it. On the other hand in the exclu- 
sively air breathing animals, as birds and mammals, the respiration 
is exclusively aerial. 

This natural supposition was followed in the first investigations 
on the respiration of the soft-shelled turtles, and while it was 
proved with incontestable certainty that they take oxygen from the 
water like an ordinary fish, that is, have a true aquatic respiration 
in addition to their aerial respiration, there was altogether too much 
arbo n dioxide in the water to be accounted for by the oxygen 
taken from it. Furthermore, upon analyzing the air from the lungs 
urtle that had been submerged sometime, . the oxygen had 
nearly all disappeared and but very little carbon dioxide was found 
in its place, whereas by analogy with human respiration for exam- 
ple, a quantity of carbon dioxide nearly as great as that of the ox- 
ygen which had disappeared should have been returned to the 
lungs. Likewise in Professor Wilder's experiments with Amia, 
to use his own words : ''Rather more than one per cent, of* carbon 
dioxide is found in the normal breath of the Amia; but much more 
of the oxygen has disappeared than can be accounted for by the 
amount of carbon dioxide." Everything thus appeared anomalous 
in this mixed respiration, and instead of a clear, consistent and in- 
telligible understanding of it there seemed only confusion and am- 
biguity. Truly these seemed like "bad experiments." 

It became perfectly evident that the first step necessary in clear- 
ing the obscurity was to separate completely the two respiratory 
processes, to see exactly the contribution of each mechanism to the 
total respiration. But this was no easy thing to do. In the first 



Digitized by 



Google 



ADDRESS BT SIMON HEKBT GAOE. 191 

place the animal must be confined in a somewhat narrow space in 
order that air and water which are known to have been affected 
by its respiration may be tested to show the changes produced in it 
by the respiratory process ; in the second place the water has so great 
a dissolving power upon carbon dioxide that even if it were breathed 
out into the air it would be liable to be absorbed by the water ; 
then some means must be devised to prevent the escape of the 
gases from the water as their tension becomes changed ; and, final- 
ly, as the animal in the water must be able to reach the air, a dia- 
phragm must be devised which would prevent the passage of gases 
between the air and the water^ and at the same time offer no hin- 
drance to iiie animal in projecting its head above the water. As a liq- 
uid diaphragm must be used it occurred to me that some oil would 
serve the purpose ; but the oil must be of a peculiar nature, it must 
not allow any gases to pass from air to water or the reverse, it 
must not be in the least harmful or irritating to the animal under 
experimentation and, finally, it must itself add nothing to either 
air or water. Olive oil was thought of and later the liquid par- 
afl3ns. The latter were found practically impervious to oxygen and 
fulfilled all the other requirements, but unfortunately they absorb 
a considerable quantity of carbon dioxide. Pure olive oil was 
finally settled upon as furnishing the nearest approximation to the 
perfect diaphragm sought.^ 

The composition of the air being known, and a careful determi- 
nation of the dissolved gases in the water having being made, the 
animal was introduced into the jar and the water covered with a 
layer of olive oil from ten to fifteen millimeters thick. The top of 
the jar was then vaselined, and a piece of plate glass pressed down 
upon it thus sealing it hermetically. Two tubes penetrate this 
plate-glass cover, one connecting with the overlying air chamber 
and the other extending into the water nearly to the bottom of the 
jar. As the water and air were limited in quantity the shorter the 
time in which the animal remained in the jar the more nearly 
normal would be the respiratory changes ; the experiments were 
therefore continued only so long — one or two hours — as was found 
necessary to produce sufiScient change in the air and the dissolved 
gases of the water to render the analyses unmistakable. 

Proceeding with the method just described, the results given in 
the following table were obtained : 

^See Wm. ThOrner on the use of oliTe oil for the preventloD of the abeorption of oar. 
bon dioxide. Bepertoriam der analytlachen Chemie, ISSS, pp. 1&-17. 
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Table of mixed Beepiration^ showing the number of cubic ceniim^tere of oxy- 
gen removed from air and water, and the amount of carbon dioxide 
added to the air and the water per hour and kilogram. 





OXTGBll 


CARBON 


DIOXIDB 




FROM 


FROM 


TO 


TO 




AIR 


WATER 


AIR 


WATER 


Ganoid Fisb {Amia calvd) 


65 


10 


22 


53 


Tadpoles {Larval Batrachia) 


70 


5 


24 


51 


Soft-sheUed Turtle (Amyda mutica) 


81 


8 


10 


29 


Bull Frog (JSana calesbiana) 


188 


i 


110 


77 



The oxygen firom both the water anci the air and the oarhon dioxide in the air, were 
determined with exactness in all the experiments; but owing to the failare of some 
steps in the titration for the carbon dioxide in the wati r, the Uga -es given for the Amia 
and the soft-shelled tartle are the calculated results, assuming that the respiratory 
quotient is one, as that is the relation found by analysis in the other cases. This table 
will be greaUj extended when the results of the investigation now in progress are 
published. 

It requires but a glance at the figures in this table to see that 
the aerial differs markedly from the aquatic part of the respiration. 
Even in the frog, in which the skin forms the only aquatic respi- 
ratory organ, the tendency is marked. The law appears to be un- 
mistakably this, viz., that in combined aqtiatic and aerial respira- 
tiony the aJeriai part is mainly for the supply of oxygen and the 
aquatic part largely for the excretion of carbon dioxide. This law 
which I stated in 1886 has been confirmed by the repetition of old 
experiments and by many new ones made during the present sum- 
mer. It is also confirmed by the experiments made on Lepidosteus 
in a different way by Dr. E. L. Mark, and published in 1890. I 
therefore feel confident that this is the expression of a general 
physiological law in nature. 

From the standpoint of evolution we must suppose that all 
forms originated from aquatic ancestors, whose only source of 
oxygen was that dissolved in the water. As the water is ever3'- 
where covered with the limitless supply of oxygen in the air — there 
being 209 parts of oxygen in 1000 parts of air as contrasted with 
the 6 parts of oxygen dissolved in 1000 parts of water — it is not 
diflScult to conceive that in the infinite years the animals found by 
necessity and experience that the needed oxygen was more abun- 
dant in the overlying air, and that some at least would try more 
and more to make use of it. And as any thin membrane with 
a plentiful blood supply may serve as a respiratory organ to furnish 
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the blood with oxygen, it is not impossible to sappose that sach a 
membrane, as in tlie throat, could modify itself little by little with 
ever increasing efficiency ; and that one part might become especially 
folded to form a gill and another might become saccular or lung- 
like to contain air. While I am no believer in the purely mechani- 
cal physiology which sees no need of more than physics and chem- 
istry to render possible and explain all the phenomena of life, yet 
it is patent to every one that, although vital energy is something 
above and beyond the energies of physics and chemistry, still it 
makes use of these ; and certainly dead matter forms the material 
f^om which living is built. So, given a living thing, it, in most 
cases, moves along lines of least, rather than of greatest resistance ; 
therefore, if a practically limitless supply of oxygen may be ob- 
tained from the air and only a limited amount from the water, if 
any thing that might serve as a lung is present, most naturally 
the animal will take the oxygen from the air where it is in greater 
abundance and more easily obtained. On the other hand, carbon 
dioxide is so soluble in water that practicall}' an unlimited amount 
may be excreted into it ; and as it is apparently somewhat easier, 
other things being equal, for it to pass from the liquid blood to the 
water than to the air, it seems likewise natural that the gills should 
serve largely for the excretion of the carbon dioxide into the water. 
This is the actual condition before us in these, and I believe in all 
other cases, of mixed or of combined aerial and aquatic respiration. 
And I believe, as stated above, the law in respiration is, that where- 
ever both water and air are used with corresponding respiratory 
organs tJie aerial part of the respiration is maiidy for the supply of 
oxygen, and the aquatic part largely for the getting rid of carbon 
dioxide. 

It is not difficult to see In an actual case like that of the Ganoid 
Fishes {Amia and Lepidosteus) the logical steps in its evolution, 
by which this most favorable condition has been reached ; a con- 
dition rendering these fishes capable of living in waters of almost 
all degrees of purity, and thus giving them a great advantage 
in the struggle for existence. But what can be said of the soft- 
shelled turtles, animals belonging to a group (Reptilia) in which 
purely aerial respiration is almost exclusively the rule? Standing 
alone, this might be exceedingly difficult or impossible of explana- 
tion. The Batrachia (frogs, toads, salamanders, etc.), all have 
gills in their early or larval stage, and most of them develop in the 
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water, and are in the beginning purely aqaatic animals. The adolts 
must therefore, in most cases, repair to the water at the spawn- 
ing season, and frequently in laying tlie eggs they must remain 
under the water for considerable intervals. Being under the water 
and the need of oxygen becoming pressing, there Beems to be, by 
a sort of oi^anic memory, a revival of the knowledge of the way in 
which respiration was accomplished, when as iarvse their natural 
element was water, and they may take water into the mouth and 
throat. This may be done by as highly a specialized and purely 
aerial form as the little brown tree-frog {Hyla pickermgii) or the 
yellow spotted salamander {A7nhly8t(yma punctaJtum). Another 
very interesting form, the vermilion-spotted newt {Diemyctylus) ^ 
after two or three years of purely aerial existence, goes to the water 
on reaching maturity, and remains there the rest of its life, regularly 
breathing both by its lungs and by taking water into its mouth. 
A still more striking example is given by Professor Cope. The 
young Siren almost entirely loses its gills, and later regains them, 
becoming again almost completely aquatic in its habits as in the 
larval stage. 

With these examples, which may be seen by any one each re* 
curring year, is it impossible or difficult to conceive that, in the 
struggle for existence, the soft-shelled turtle found the scarcity of 
food, the dangers and hardships on the land, greater than those in 
the water? On remaining constantly in the water, and advanta- 
geously submerged for most of the time, it gradually re-acquired 
the power of making use of its pharyngeal membrane for obtaining 
oxygen from the water and excreting carbon dioxide into it as had 
dts remote ancestors. And, further, is it not intelligible that with 
^capacious lungs, which it can fill at intervals with air containing so 
4arge a supply of oxygen that it, like the other double or mixed 
breathers, should use its lungs to supply most of the oxygen and 
(its throat to get rid of much of the carbon dioxide? 

Indeed, it seems to me that if the evolution doctrine is a true ex- 
fpression of the mode of creation, then development may be in any 
•direction that proves advantageous to an organism, even if the 
•development is a re-acquirement of long discarded structures and 
functions. 

In closing may I be permitted to say to the older biologists, — to 
those familiar with the encouragements and inspirations that come 
with original investigation, that I trust they will pardon what to 
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tfaem 18 unnecessary personality or excess of detail in this address, 
for the sake of the younger ones among us, to whom the up-hill road 
of research is less familiar. Judging from my own experience in 
listening to similar addresses by my honored predecessors, it is 
helpful to know, when one is beginning, something of the dead work^ 
the difficulties and discouragements as well as the triumphs in the 
Advancement of Science. 
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A PBBUMIKART ACCOUNT OF THE BRAIN OF DdEMTCTYLUS VIRIDKflCKNS, 
BA6SD UPON SBGTION8 MADK THROUGH THE KNTIBE HEAD. By SUSANNA 

Phislps Gaob, Ithaca, N. Y. 

[AB8TRA0T.] 

I. An effort has been made to determine whether the remarkable changes 
In appearance, physiological function and histological structure, which 
occnr at certain crises in the life history of Diemyctylus viridescena are 
accompanied by corresponding changes in the stractnre or mass of the 
brain. 

II. Thus far in the investigation the facts found negative this idea, as 
it appears that within a few days of hatching, the main differentiations of 
the brain have been laid down. 

III. In young larva the cells are very large but the diminution to the adult 
size seems gradual, while in general appearance the brain of the young is 
shorter and thicker than the adult, and the commissures seen in recon- 
structed mesal sections are less developed. 

The remarkable muscular correlation, and the well developed condition 
of the eye and ear, in the young larvae probably corresponds to the early 
development of the brain. 

IV. Attention is called to the coalescing of the optic lobes, the remark- 
able lateral projection of the inftindlbulum or torus ; the changes In the 
hypophysis ; the condition of the pineal eye ; the relations of the plexuses 
to the cavities and the endyma; and the relation of the intermaxillary gland 
to the brain. 

[This paper was Illustrated by a model and diagram.] 



On thb diobstivb tract of some North ABfEBiCAN ganoids. By G. S. 
Hopkins, Ithaca, N. Y. 

[ABSTRACT.] 

A. Several organs (air-bladder, nasal cavity, gall-bladder and its duct) 
of Amia caiva have been found to be lined by a ciliated epithelium. 

B. In the common sturgeon either the osaopbagus possesses glands or 
else the air-bladder opens into the stomach. 

C. Nearly the whole of the ental surface of the stomach of sturgeon 
is lined by ciliated cylindrical cells. 

(197) 
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Z>. Ciliated cells are also found In the stomach of Polyodon and Scaph- 
orhynchops. 

E. In the rectam of Amia, Jnst candad of the spiral valve, there Is a 
small area containing ciliated cells. 

[This paper will be printed in Proceed, of Amer. Micros. Society.] 



The ^'MAXiujkBT tentacles" of Pronuba. By John B. Smith, ScD., 
New Brunswick, N. J. 

[ABSTRAOT.l 

In his excellent studies on the species of Pronuba, Dr. C. Y. Riley has 
called special attention to the peculiarities of the mouth stractare, and 
particularly to the development of a so-called "maxillary tentacle." The 
figures given of this structure in the various species are excellent, and 
aroused a suspicion in my mind that, while they were really special devel- 
opments in one sense, so far as we now know unique in Iiepidoptera, yet 
that there were homologous structures elsewhere in other orders. That 
is to say, there is really no new organ or process, but a mere adaptation or 
development of a known maxillary sclerlte, which Is paralleled by similar 
developments of the same sclerlte in other groups. To the courtesy of 
Dr. Kiley I owe a supply of specimens for examination, and from a careAil 
study or these, I have concluded that the so-called tentacle is really an ex- 
tension of the palplfer or palpus bearer. Of all the Lepidoptera known 
to me, Pronuba has the maxillary sclerites best developed. Dr. Riley has 
called attention to the fact that the two halves of the spiral tongue are not 
united, as is usual in the higher Lepidoptera to form a tube, and I find 
that when the two maxlll» are dissected off, the structure bears a re- 
markable resemblance to that found in the coleopterous genus Nemognatha; 
the laclnia being lacking while some of the other sclerites arp better 
marked. A comparison of the figures of Nemognatha and of Pronuba^ 
male, will at once, emphasize this similarity. In the male Pronuba the 
** maxillary tentacle" Is not developed; but if we examine the large sclerite 
at the base of the palpus, which Is palplfer without question, we see, evi- 
dently, the structure whose prolongation and specialization form the **ten- 
tacle." This special development of the palplfer is not unique in Pronuba ; 
but is of common occurrence in the piercing DipUra, 

In a paper published by me In the Transactions Amer. Ent. Society, 
xvu, 1890, I showed the modifications of this structure in the Diptera ; 
but I was at that time unable to decide whether I had to do with a palplfer 
or with a stipes. In the Hemiptera the same sclerlte is also developed 
into a piercing organ although the maxillary palpi themselves are rudi- 
mentary. It may be objected that these are rigid, chltlnous processes 
while in Pronuba the process is fiexible and set with numerous tactile or 
specialized spines. This kind of change is not unusual in insects, and 
precisely the same difference appears between the rigid chltlnous llgula 
of the piercing Diptera and the flexible sensitive ligula of the bees. In 
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the Btnictiire of the galea, yet more marked changes occar; bat In the 
Tanorpidm of the order Hymenoptera we have a development of the palpifer 
ivhlch is not rigid, but is membraneoas though not flexible, and Is set with 
hair which in part at least is tactile in flinction. In the same family of 
PanorpidfE we have a moft remarlcable example of the elongation of month 
parts. The lacinia is small, bat obvions ; the snbgalea is elongated from 
each side forming lobes ; each Joint of the galea is elongated between these 
lobes and finally the palpifer is a flattened elongated process from tlie base 
of which the palpas arises. The conclnsion, after an examination of these 
structures is irresistible. The flexible process in Pronuha is an extension 
of the palpifer, homologous with the rigid structures In the Hemiptera and 
piercing Diptera and with the more membraneoas structure in the Panor^ 
pida. It is a special development only in the sense that it Is adapted for 
a special duty, and in the same sense that the ligula in Tabanus and Apia 
are each special developments for the advantage of those insects. 
[This paper will be printed in Insect Life.] 



The descent of the lefidoptera. An application of the theort of 

NATURAL SELECTION TO TAXONOMT. By Frof. JoHN HeNRY COMSTOCK, 

Cornell University, Ithaca, N. Y. 

[ABSTRACT.] 

There is indicated in this paper a method of applying the theory of nat- 
ural selection to taxonomy somewhat more fully than seems to have been 
done before. * 

The method consists in beginning with the study of a single organ pos- 
sessed by the group of organisms to be ciassifled. The variations in form 
of this organ are observed ; the function of the organ is studied ; and an 
eflbrt is made to trace out the phylogenetlc development of the organ, 
keeping constantly in mind the relation of the changes In form of the or- 
gan to Its ftinctlon. In other words, the record of the action of natural 
selection upon the group of organisms is read as It is recorded In a single 
organ. This gives data for a provisional classlflratlon of the group. Then 
another organ is selected and Its history worked up In the same way. 
Then the results obtained in the two investigations are compared ; and 
where they dlflTer there is indicated the need of renewed study. For if 
rightly understood the different records of the action of natural selection 
will not contradict each other. The Investigation Is continued by the 
study of other organs and a correlating of results obtained until a con- 
sistent history of the group has been worked out. 

This method difilers from that commonly employed, in being a constant 
eflbrt to determine the action of natural selection in the modiflcation of 
the form of organisms, in order to better adapt their parts to perform 
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their Amotions. By the old method a search is made for characters by 
which a group can be divided and sabdlvided with bat little regard to the 
meaning of these characters. In fkct we rarely see In purely taxonorolc 
works any reference to the ftiuctional signiflcance of the characters ased. 

As illnst rating the proposed method of study, the structure and Amo- 
tion of the wings of the Lepldoptera are discussed and conclusions are drawn 
from this study regarding the phylogeny of the order. 

It is shown that as a rule those forms In which the wings are broad and 
famished with many veins are more generalized than those having narrow 
wings fhrnished with fewer veins. 

But it is also shown that in some cases broad-winged forms have evi« 
dently been developed from forms with narrower wlnsrs, as in the Satum- 
lldse, and, probably. In batterflles; and an explanation of this apparent 
retrograde development is offered. 

It is also shown that the action of natural selection has tended towards 
a uniting of the two wings of each side daring flight in order to insure 
their synchronous action. In the minority of the existing families this is 
accomplished by means of a frenulum. But In some families the frenulum 
has been superseded by an overlapping of the wings and a development of 
a forward projecting shoulder at the base of the costal edge of the hind 
wings, which render a frenulum unnecessary. 

It is also shown that in the case of two families, the Heplalide and the 
Micropterygidse, the wings are united in an entirely different manner. 
Here, Instead of a frenulum bom by the hind wing, there has been devel- 
oped a backward projecting lobe near the base of the inner margin of the 
fore wing. This lobe passes beneath the hind wing ; and thus the costal 
edge of the hind wing Is held between this lobe and the Inner margin of 
the fore wing which overlies the hind wing. 

For this lobe of the fore winjr which has not been observed In the Lep- 
ldoptera heretofore the name jwgum is proposed. 

From this study the conclusion is drawn that in the primitive Lepldop- 
tera the wings of each side were not fastened together during flight; that 
later In certain forms a frenulum was developed ; while in other forms a 
Jugum arose. We have therefore in existing Lepldoptera representatives 
of two distinct lines of development. And it is proposed, therefore, to 
divide the order into two sub-orders ; one to be named the FrenaUx and the 
other the JugatCB. 

The relative redaction of the different areas of the hind wings in differ- 
ent families is then discussed. And it is shown that an entirely different 
course is followed in the Jugate ttom that which takes place In the Fren- 
at», thus conflrming the conclusion drawn as to the naturalness of the 
proposed division of the order into two sub-orders. 

Reference Is also made to the taxonomic value of the clothing of the 
wings of the Lepldoptera, and to a discovery made by Prof. V. L. Kel- 
logg, while working In my Laboratory, that In certain Important respects 
the clothing of the wings of the JugatsB more closely resembles that of the 
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Caddlce-flies than that of the Frenatse. It is also pointed ont that at least 
many of the Caddice-flles resemble the JugatsB In the possession of a 
jugum. 



An interesting case of parasitism. By Prof. Albert H. Tuttle, Uni- 
versity of Virginia, Charlottesville, Va. 

[ABSTHAOT.] 

This paper reports the discovery of a nematoid living as a parasite in 
the venom organ of the common rattlesnake {Crotalns horridus L.). The 
venom (which was removed for experimental purposes) was found to con- 
tain a large number of immature worms, which continued to live in the 
treah venom during the time the latter was under examination (nearly two 
weeks), and several disrupted females containing larvie, showing the 
species, which is not yet determined, to be viviparous. An account will 
be published in the American Naturalist. 



On the adult cestodes of cattle and sheep. By Dr. C. W. Stupes, 
U. S. Dept. Agric, Washington, D. C. 

[ABSTRACT.] 

An account was given of recent investigations by the Bureau of Animal 
Industry of the microscopic anatomy of cestodes found in cattle and sheep. 
Specimens (microscopic slides) of various species were exhibited. The 
relation of T, Giardi to Blanchard's new firenus Moniezia was discussed. 
Two forms from Africa were exhibited. Also the original specimens of 
Taenia denticulata and T. expansa RudolpU, 1810. The generic and spe- 
cific characters which followed are based upon Internal anatomy (posi- 
tion and number of testicles, uteri, penis, vagina, etc.). 

[This paper will be printed in Report of U. S. Dept. Agric] 



The production of immunity in guinea pios from hog cholera by the 
use of blood serum from immunized animals. By Dr. E. A. db 
Schweinitz, Bur. Animal Ind., Dept. of Agr., Washington, D. C. 
[abstract.] 

The paper gave an account of some experiments on the production of 
immunity in guinea pigs by the use of blood, and of curing them in the 
same way. It also gave the result of some observations which go to 
show the increase in the number of white blood corpuscles in guinea pigs 
while they are being immunized, and afterwards again when inoculated. 

[This paper will be printed in Jhfedical News, Fhila.] 
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are coDyenlently expressed by the general term metabolism that inclades 
the dynamic as well as the material factors, which cannot be separately 
considered fVom the complexity of their intimate relations. Even In the 
processes of nntrltion it appears that the demands for the material ele- 
ments of tissue are limited, while the expenditures of energy In the con- 
strnctlve processes, and their collateral functions, are enormous. 

It is not my purpose to attempt a general discussion of the conserva- 
tion of energy as a factor In biological activities, but to call attention to 
some of the processes of nutrition with reference to their Import as ctiuses 
of variation, or the origin of new characters that may be made available 
through natural selection in the evolution of plants and animals. 

The inheritance of acquired characters has been called In question by 
Weismann and positively denied by those who accept his theory of the 
continuity of the germ plasma as originally formulated, and all Inheritable 
variations are assumed to be the result of fortuitous changes in the repro- 
ductive germs. The advocates of this theory conSne their attention al- 
most exclusively to gross morphological characters, which have been de- 
veloped and fixed through an accumulation of numerous slight variations 
for many generations, and asic for direct proof of the complete transfor- 
mation of these established characters, by changes in the habits of a sin- 
gle Individual; while the abundant evidence of physiological or flmctional 
changes in nutritive processes, which must be considered as the neces- 
sary precursors and probable causes of morphological changes, is claimed 
to be inadmissible. 

The processes of metabolism In the nutrition of plants and animals, as 
DOW interpreted by physiologists, ftimish a rational explanation of the 
manner in which the reproductive cells may be influenced by functional 
adaptations of organisms to their environment, which are admitted to be 
causes of individual variations, and theories of heredity and evolution in 
which these physiological factors are not taken Into consideration, cannot 
be accepted as a satisfactory solution of the problems presented. 

Omitting subordinate details, which represent the separate links in the 
chain of events, the processes of nutrition may be summarized In general 
terms as follows : In plants the chemical elements and binary compounds 
on which they feed, are built up by successive steps of Increasing com- 
plexity and Instability into protoplasm, with a storing of the energy made 
use of In the constructive process, which is derived from the heat and 
light of the sun. The constructive processes are expressed by the term 
anabolism and the products of the different upward steps are called anas- 
tates. 

Protoplasm, the most complex and unstable of organic substances, is 
the summit of the ascending steps of anabolism ; and katabolism, which 
represents the succeeding downward steps of metabolism, then follows, 
and its products or katastates are starch, cellulose, protelds, etc., or what 
we recognize as the proximate constituents and tissues of plants. 

The heat developed in the nutrition of plants is also a product of 
katabolism, and it represents the difference between the potential energy 



Digitized by 



Google 



204 SECTION F. 

of the protoplasm and the potential enerjcy of the other katastates formed 
from it. This Is not, however, sufficient to enable the plants to maiotain 
an Independent temperatare, as It Is rapidly dissipated by radiation ttoia 
the extended surface of the foliage, and a large amount is used in vapor- 
izing the water exhaled by the leaves. An approximate qnantl tatlve esti- 
mate of the energy expended In exhalation was given in a paper read 
before section I last year, and published In the Popular Science Monthly 
for May. 

From their greater complexity the more highly differentiated processes 
of nutrition in animals are not so readily traced, but the general course 
and results of metabolism, broadly stated, are essentially the same as ob- 
tain in plants. The food of animals consists of the proximate constitu- 
ents of plants, or the katastates of plant metabolism ; and, with the excep- 
tion of oxygen introduced in the process of respiration, they are unable 
to assimilate the simpler elements on which plants feed. 

The first demand of the animal economy is for energy to be used in the 
constructive processes, and this is derived exclusively from the stored 
energy of the organic substances of their food, through the destructive 
metabolism involved in the processes of digestion. The protelds, fats, 
and carbhydrates of the food of animals are not directly converted Into 
animal protelds and fats, but the evidence indicates, as pointed out by Dr. 
Foster, that they are reduced almost to their original elements and then 
reconstructed through the agency of animal protoplasm. In no other w^ 
can the energy required in animal nutrition be obtained, and as an Inci- 
dent of the destructive metabolism of foods in the processes of digestion, 
the materials for the constructive process are provided for immediate use 
in a simpler form than that in which they were ingested. 

In general terms we may then say that the anabolic processes of animal 
nutrition consist in utilizing the liberated energy in building these disin- 
tegrated food constituents Into protoplasm, with a storing of the energy 
as an essential condition of Its constitution ; and the animal protelds and 
fats, and in flict the tissues generally are the katastates of its destructive 
metabolism that contain less potential energy than the protoplasm f^om 
which they are formed ; the difference appearing as animal heat, which Is 
supplemented by the destructive metabolism of the tissues involved in 
their flinctlonal activity, or what Is popularly called the wear and tear of 
the system. As in plants protoplasm is the summit, or the highest phase 
of the anabolic activities, and tissue building must be looked upon as a 
result of its katabolic transformations. 

In the higher animals the nutritive processes are more complex, and 
the number of upward and downward steps of metabolism is increased, 
through the elaboration of a common nutritive fluid, the blood ; but the 
sum and final outcome of the anabolic and katabolic changes are essential- 
ly the same as In the simpler organisms. Energy is used and stored up 
in the anabolic, or constructive, processes and liberated again as animal 
heat in the '^simultaneous and successive" katabolic processes which re- 
sult in the formation of the various tissues. 



Digitized by 



Google 



BIOLOGY. 205 

Protoplasm Is no longer looked upon as a sabstance of a definite chem- 
ical composition and constitution, as it must vary widely in its specific 
properties in the dllferent species of plants and animals, and even in the 
different organs of the individual, and the varieties of protoplasm are 
therefore innumerable. In addition to these variations, arising from the 
characteristics of protoplasm in different species, and in their highly dif- 
ferentiated organs, the anastates representing the successive steps of its 
elaboration, and the katastates resulting from its destructive metabolism, 
in the same individual, must vary with the ever changing conditions of 
the environment, and the functional activity of every part of the organism. 
Individual variations from the prevailing type of the group, or family, 
are thus readily accounted for by a disturbance in the symmetrical bal- 
ance of the metabolism of the different organs of the body, by prevailing 
habits, or changes in the environment and conditions of food supply. 

In the phases of life from the embryo to the final decline of the bodily 
powers, there are changes in the relative predominance of anabolic and 
katabollc activities which we should not fall to notice. In Dr. Minot's 
interesting address at Indianapolis, **0n Certain Phenomena of Growing 
Old," the sequence of mutations in metabolic activities in the life of the 
individual were clearly shown. The greater activity of the nutritive func- 
tions in yohth, and their gradual decline to maturity and old age, were 
strikingly illustrated by an Instructive series of statistical diagrams. It 
was also shown "that with the increasing development of the organism 
and its advance in age, we find an increase in the amount of protoplasm." 

This apparently confiicts with the conception of protoplasm as the phys- 
ical basis of life, and the most plausible inference from these facts, as 
suggested by Dr. Minot, was that *'the development of protoplasm is the 
cause of the loss of power of growth," and that '^protoplasm was the 
physical basis of advancing decrepitude." 

A less obvious but more satisfactory explanation is furnished in the 
outline of the processes of nutrition already presented. It is evident that 
protoplasm is but a way station, as it were, in the development of tissues, 
and its destructive metabolism is an indispensable condition of growth 
and increase of organic substance. The greatest activity of the katabollc 
phases of metabolism take place in the embryo and youth, and they then 
keep pace with the anabolic or constructive processes of the organism, so 
that the protoplasm elaborated is used in tissue building as fast as it is 
formed. 

When maturity is reached the demand for new materials in growth 
ceases, the wear and tear of the system is diminished, with less intense 
demands for the processes of repair. With this falling off in the require- 
ments of the organism for katabollc products, including energy, anabol- 
Ism predominates and protoplasm is allowed to accumulate in the different 
organs from the check to destructive metabolism arising from the general 
decline of vital activities. 

The hypothesis, that the germ plasma or its representative reproduc- 
tive granules are immortal and entirely independent of the body plasma, 
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on which is based the assnmptioD that acquired characters cannot be 
transmitted* appears to be in direct conflict with these physiological 
laws of nutrition. The protoplasm of the body presents, as we have seen, 
many differentiated varieties adapted to the specific function of each or- 
gan, and its katastates differ accordingly. The various glandular secre- 
tions, the products of nervous and muscular activities, the numerous ex* 
cretory products, and even the germ cells, so far as their molecular 
structure is concerned, must be considered as katastates of the protean 
varieties of protoplasm. The so-called body plasma must then be looked 
upon as made up of many differentiated subdivisions in genetic relations 
with many katabolic products, all of which are correlated, through vitai 
activities, to act in harmony to serve the entity we recognize as the indi- 
vidual. The differentiation of a germ plasma especially concerned in the 
function of reproduction must be accepted an a physiological factor of 
the first importance, but we are not warranted in assuming that it is ex- 
empt from the metabolic transformations that characterize other living 
substances. 

Herbert Spencer defines life as '*the continual adjustment of internal 
relations to external relations," and Dr. Foster expresses substantially 
the same conception in defining living substance as **not a thing or body 
of a particular chemical composition, but matter undergoing a series of 
changes." These definitions fairly represent our present knowledge of 
vital activities. Metabolism, with its * ^simultaneous and successive" phases 
of anabolic and luitabolic transformations of matter and energy, is ad- 
mitted to be an essential condition of life in all tissues and elements of 
the body. As living matter, the germ plasma must be continually under- 
going metabolic changes in adjusting its internal relations to its external 
relations with the body plasma, and interchanges of matter and energy 
must be involved in its increase and growth. 

These constant changes in the substance of the germ cells were not rec- 
ognized in the original hypothesis of the continuity of the germ plasma. 
As formulated by Weismann "heredity is brought about by the transference 
from one generation to another of a substance with a definite chemical, 
and above all, molecular constitution," which he called germ plasma, and 
assumed that it possesses a "highly complex structure conferring upon 
it the power of developing into a complex organism," and heredity was 
further explained "by supposing that in each ontogeny a part of the spe- 
cific germ plasma contained in the parent egg-cell is not used up in the 
construction of the body of the offspring, but is preserved unchanged far 
the formation of the germ cells of th€ following generation," Again he says, 
"The germ plasma, or idioplasm of the germ cell, (if this latter term is 
preferred), certainly possesses an exceedingly complex minute structure^ hut 
it is nevertheless a substance of extreme stability , for it absorbs nourishment 
and grows enormously without the least change in its con^idex molecular 
structure." 

It is difficult to understand how a living substance undergoing constant 
metabolic changes can be "a substance of extreme stability," or how it 



Digitized by 



Google 



BIOLOGY. 207 

can "grow enormonsly without the least change in its molecular struc- 
ture." This assumed stability of molecular structure, and definite chem- 
ical composition of the germ cells, appeared to be necessary to give plaus- 
ibility to the claim of immortality, and the further assumption of the 
non-inheritance of acquired characters. The transmission of a definite, 
stable, self-propagating substance from one generation to another, unin- 
fluenced by the body plasma, has in fact been the shibboleth of those who 
deny the transmission of acquired characters, but Weismann himself has 
retreated from this stronghold of his theory as he found it untenable. 

In reply to the criticism of Professor Vines that it was '* absurd to say that 
an immortal substance can be converted into a mortal substance," Professor 
Weismann without hesitation abandons the conception of molecular sta- 
bility in the germ plasma and presents his theory of heredity in a new 
form that is more in accordance with physiological laws, and at the same 
time appears to be fatal to the assumptions made by his followers. He 
says, "Does not life here as elsewhere depend on metabolism — that is to 
say, a constant change of material? And what is it then which is immor- 
tal? Clearly, not the eubatance, but only a definite form of activity. "-/-^'iln 
immartah unalterable living euhsiance does not exUtt, but only immortalforme 
of activity of organized matter " J The material continuity of the germ 
plasma is therefore discarded antf replaced with the conception of modes 
of motion manifest in matter that is continually undergoing metabolic 
changes. As the complex molecular substance of the germ plasma is 
brought into intimate relations with the metabolism of the body plasma, 
through its own metabolic activities, we can readily perceive how acquired 
habits of the organism in modifying the general and special metabolism 
of the body must also have an influence on the substance of the germ 
cells, and through their constantly changing substance on the forms of 
activity, or modes of motion, that are transmitted from one generation to 
another in accordance with the new theory. It must then be evident that 
the assumed independence of the germ plasma of all influence from the 
surrounding body plasma, that is relied on to prove the non-inheritance 
of acquired characters, derives no support from the present conditions of 
physiological science. 

There are many functional variations in the activities of the difllerent 
organs of the body that can only be attributed to changes in the environ- 
ment and food supply, in connection with the habits of the individual, 
and they are so clearly defined and of such frequent occurrence that it 
seems to be unnecessary to assume fortuitous variations in the germ cells as 
the sole factors for natural selection to act upon. In order to evolve two 
adult forms that are precisely alike in every detail, from two germs with 
the same identical qualities and tendencies, there must be in each case the 
same metabolic activity of every part of the system, giving rise to the 
same series of anastates in the constructive processes of every organ, 
and the same series of katastates in destructive metabolism, throughout 
the entire period of growth, which would of course rarely occur from a 
lack of uniformity in the surrounding conditions of the two individuals. 
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Individual variations, which are so frequently observed, are then readily 
accounted for, and there are no physiological reasons for the assumption 
that the metabolic bias of the organism which gives rise to them does not 
likewise have an influence on the germ cells. 

The non-appearance of an acquired habit or peculiarity of the organism 
in the next generation cannot be accepted as evidence that it has not been 
potentially transmitted. The known facts of atavism show that an inher- 
ited peculiarity of the organism may be obscured for several generations 
by other characters, and then reassert itself with all its original intensity. 
The established family characters, and the acquired habit or peculiarity of 
the individual represent antagonistic factors, and their relative Intensity 
in connection with conditions of development must determine which is to 
dominate in the offspring. The transmission of a character, in the first 
place, should not be manifest in a direct reproduction of the morphologi- 
cal peculiarity, but it must consist in a habit of the organism that leads 
to the development of the peculiarity in the offspring under favorable con- 
ditions for its exercise. The failure of the effects of injuries or mutila- 
tions to make their appearance in the offspring cannot be admitted as 
evidence to prove the non-inheritance of acquired characters, as the phys- 
iological activities of the system that are required to produce the morpho- 
logical peculiarity have not been established and there can be no tendency 
of the organism to reproduce them. 

The repetition of an acquired habit for several generations, under the 
same conditions, may be required to establish It as a dominant character 
over inherited family traits that have been fixed by transmission through 
a long line of ancestors, but the final result would show that it had been 
uniformly transmitted, although It had been for a time obscured by other 
prevailing hereditary tendencies of the organism. 

In discussing the evidence relating to the inheritance of acquired char- 
acters, or the effects of use and disuse, these antagonisms in hereditary 
tendencies should not be lost sight of, as the immediate results looked for 
may be obscured for a time by other predominant infiuences. 

The development of the improved breeds of live stock furnishes abun- 
dant evidence of the inheritance of acquired characters, but the limits of 
this paper will only permit a passing notice of its significance. The most 
successful breeders of domestic animals have acted on the principle that 
habits of the organs of nutrition, which determine the expenditure of the 
available energy of foods in a special direction, may be cultivated and in- 
tensified by persistent exercise for a number of generations, and it is 
difficult to explain how the gradual improvement of the desired qualities 
are obtained without the transmission of the modified habit. 

The capacity to fatten at an early age, or, for abundant milk produc- 
tion is promoted by liberal feeding, in connection with a judicious exer- 
cise of the desired habit of the system, and the highest excellence is ol>- 
tained when the system of management in each generation is especially 
directed to the cultivation of the habit in its integrity. This is particu- 
larly noticeable in the habit of milk production for a more or less extended 
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period in the coarse of the year. The fashion of raising lambs by nurses 
of other breeds, and drying up the dam at once to keep her in show con- 
dition, resulted in seriously diminisliing the inherited capacity for milk 
production in the females of the families so treated. It is well kndwti to 
farmers that cows on short pastures and under careless management will 
form the habit of * 'going dry" early in the season, and that this habit of 
giving milk for a short period is not only transmitted, but becomes a 
marked peculiarity of the females of the family that is persisted in under 
better conditions of food supply. 

It appears to be unnecessary to assume fortuitous changes in the germ 
cells to account for the increase, or the suspension of functions that can 
be so clearly traced to an acquired ancestral habit. Morphological pecu- 
liarities are not the only ones that give character to an organisih and de- 
termine its signiticant qualities. As in isomeric compounds in chemistry, 
we find living organisms that are, so far as we can determine, morpholog- 
ically identical that differ widely hi their habits and general properties. 
Even in the higher animals the same organ may perform a variety of 
fnnctioiw, as the liver for example, and the dominant Ainctlon for the time 
being seems to be determined by the requirements of other organs, or of 
the general system under the special conditions in which It is placed. 

There are many species of microbes having the same form and structure 
that are distinguished by their habits, or the katastates formed In their 
processes of metabolism, and these katabolic products known as toxines, 
tox-albumins, ptomaines, etc., differ widely in their specific properties. 
Peculiarities in the functional activity of certain organs, or of the general 
system, appear to be transmitted with the same uniformity and certainty 
as morphological characters that are more readily observed, although not 
more significant as distinguishing characteristics. 

The experiments of Dr. Dalllnger with three species of monads, under 
prescribed conditions of temperature, are of particular interest in show- 
ing that the modified or acquired habits of organisms are beyond question 
transmitted to their offspring. From the rapid repetition of the process 
of reproduction In these organisms by fission and sexual fusion, they have 
marked advantages in experiments for determining the inheritance of new . 
characters. 

Throughout the experiments an abundant supply of suitable food was 
provided, and beginning with a temperature of 60^, which appeared to be 
most favorable for them, a gradual increase of temperature was made 
fiom time to time as they were able to endure it, nntll a final temperature 
of 158^ was reached. In the course of seven years, at which there appeared 
to be a perfect adjustment of their vital activities to the abnormal envi- 
ronment. 

There were critical periods, as the temperature was increased, at which 
a considerable time was required for the organisms to become fully accli- 
mated, and when this was secured a more rapid Increase of temperature 
was for a time admissible, until another point was reached at which a 
Airther rise in temperature could not for some time be made. 

▲. ▲• A. S. VOL. XLL 14 
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No advance was possible for el^ht months after the temperatare of 78^ 
was reached; at 93° a halt of nine months was required; and at 187° a 
further increase of temperatare was not permitted until after twelve months 
had elapsed. The manner in which the organisms were affected at the 
critical periods will be sufl9cient1y illustrated by Dr. Dalllnger's remarks 
on their behavior at 137°. He says : "When the 186*** degree had been 
passed tiiere were symptoms of oppression and distress, and on touching 
187° this was very manifest/' and it was found necessary "to play the 
tliernial point backwards and forwards for three weeks before there was 
an approach to normal activity and fecnndlty." At the close of the twelve 
months, during which the temperatare was maintained at 137°, there was 
an increase in the vacuolation of the protoplasm, which disappeared on 
raising the temperature 4° in the following month. From this time more 
rapid progress was made aniil the final temperature of 158° was reached, 
when the experiment was terminated by an accident to the apparatus for 
regulating the temperature. 

At times a slight increase of temperature was not tolerated until the 
changed habits of their protoplasm provided for the complete adjustment 
of their vital actiyities to the new environment, but when this adaptation 
was fully attained there was apparently developed an increased flexibility 
of their organization that enabled them for a time to bear a comparatively 
rapid rise of temperature without any perceptible discomfort, but a limit 
to this toleration was again soon reached. The organisms that had been 
trained to live at a temperature of 158° with apparent satisfaction, and 
exhibiting a normal exercise of their nutritive and reproductive functions, 
were, however, killed when subjected to a temperature of 80°, which was 
the most favorable for their ancestors. 

The acquired habit of ac^ustlng their physiological activities to an ab- 
normally high temperature was andoubtedly transmitted through many 
thousand generations, and it is evident that the germ plasma was affected 
by the changes of the environment, either directly, or with greater proba- 
bility through the modified metabolism of the body plasma. 

These experiments clearly indicate the importance of time, in some 
species at least, as a f)Eictor in the complete adjustment of even functional 
activities to changes in the environment. Seven years of persistent effort 
was required to bring about a change in the hnbits or metabolic processes 
of these organisms, that enabled them to endure or actually enjoy the final 
temperature of 158°, and a much longer time was evidently needed to 
produce any marked morphological changes. 

The transformations of energy in the metabolic processes of nutrition 
appear to be probable causes of variation, and possible factors In evolu- 
tion, that require investigation. The effects of use and disuse are not ob- 
vious in many organs of an obscure nature, and undetermined function, 
some of which may have Intimate relations with the dynamic factors of 
nutrition, and thus serve a useful purpose which we are now unable to 
perceive. 

What are the relations of the so-called ductless glands, like the thyroid 
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and sapra-renal capsales, to the atllization and conservation of energy ? 
Are not the polar bodies of the ovum, and the thymus of the embryo, tem- 
porary organs to transfer and conserve energy nnder special conditions 
that disappear at later stages of development? 

What molecular or other changes take place in the organism to bring 
about an intense activity of special functions, involving a more complete 
utilization of energy, as in increased mlllc production, or In improved fat- 
tening qualities? 

Questions like these must be answered to Airnish a satisfactory explan- 
ation of biological activities, and theories of nutrition and heredity in 
which energy is not recognized as one of the prime factors in every vital 
process, should be received with caution, and the fallacious arguments 
based upon them estimated at their real value. 



On the supposed correlations op quality in fruits— a study in evo- 
lution. By Prof. L. H. Bailey, Cornell University, Ithaca, N. Y. 

[ABSTRACT.] 

It is commonly supposed that as quality in cultivated fruits increases, 
various other characters, as size, color and vli^or of plant, decrease. The 
question is a philosophical one, for Its answer must determine whether 
cultivated plants are subject to the same laws of variation as their wild 
congeners, whether all characters vary independently, or wliether' culti- 
vation introduces some new law of progression In parallelisms. The 
subject is approached by a study of the scales of points used in the best 
l^nit-llsts, by which it becomes apparent that many desirable qualities often 
appear In the same variety of fruit, and that many of our best market 
fruits are also best for the dessert. The best records show that diminished 
size, low color, comparative seedlessness, tenderness of tree, and lessened 
vigor are not correlated with high flavor. It is also shown that there is 
no loss of sweetness or aroma in domesticated fruits which is due to cul- 
tivation and amelioration. *'It is evident from our whole discussion that 
quality and other characters of cultivated fruits appear independently of 
each other, that there is no correlation between these characters. There 
is a general increase in all characters as amelioration progresses, at least 
in all characters which are particularly sought by horticulturists; and this 
fact must ever remain the chief inspiration to man in the amelioration of 
plants." 



The significance of cleistooamy. By Thoalas Merhan, Vice President 
of the Academy of Natural Sciences of Philadelphia, Pa. 
[abstract.] 
The author defines clelstogamy in a limited sense, as relating to those 
flowers, which, fertilizing in the bud, have parts of their floral organs sup- 
pressed or modified, — though in a general sense those which fertil4ze in 
the bud, without such modification, might be included. 
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He contrasts the limited number of nataral orders in which cleistogamy 
was known when Mr. Darwin wrote "Forms of Flowers," with the larger 
list now existing, and suggests that the additional facts may modify Mr. 
Darwin's conclusion that the significance of clelstogamy was a mere labor- 
saving draft on the nutritive forces. He refers to his recent discovery 
that Dalibarda repens is cleistogamic, and to his former recorded discovery 
•that all the fertile flowers of most Polygonl are absolutely closed and self- 
fertile, while the open, apparently perfect, and nectar-secreting flowers 
lire sterile, — to the enormously productive power of cleistogene nemophi- 
las and other plants — to the great waste of nutrition In producing petalif- 
erous but sterile flowers in so many plants which produce cleistogene 
ones, and concludes that there is much greater waste of effort under these 
conditions than in plants which self-fertilize without producing cleistoga- 
mic flowers. 

His view is that clelstogamy Is simply one of the phases In the struggle 
for ascendancy between the vegetative and the reproductive forces, and 
of no especial significance so far as any benefit to the Individual or the 
race is concerned. 

[This paper has been published in full In the London Gardener's Chroni- 
cle for Oct. 1, 1892, p. 898.] 



The fertilization of fear flowers. By M. B. Waitb, Dept. of Agrlc, 
Washington, D. C. 

[ABSTRACT]. 

The paper gives a brief general account of a large series of experiments 
on the fertilization of pear flowers. Notes the abundant insect visitors 
and the effect of climatic conditions on them. The conclusions reached 
are: (1) That some cultivated varieties of pear are capable of self fertil- 
ization but that the majority are not. (2) That cross-fertilization Is ef- 
fected by insects and (3) that cross fertilization, at least the kind required 
for the selling of fruits, consists in crossing one horticultural variety with 
another and not in crossing one tree of a certain variety with another of 
the same name. 

[This paper will be printed In Dept. of Agriculture Bulletin.] 



Germination at intervals of seed treated with fungicides. By W. 
A. Kellerman, Ph.D., Ohio State University, Columbus, Ohio. 

[ABSTKAGT.j 

Experiments in connection with a study of fhngicldes for smut of oats 
have shown that seed treated with hot water and with solutions of potas- 
slc sulphide germinates more quickly than untreated seed. Experiments 
of Dr. J. C. Arthur with seed treated with hot water gave a similar result. 
He showed, moreover, that the treated seed would continue to germinate 
more quickly after a considerable period of time had elapsed. Experiments 
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touching this matter were iDstitnted. Oats and com were used. The 
seed was treated with water, 182° F. fifteen minntes; and with potassium 
sulphide i% solution eight hours, and the same twenty-four hours. The 
following table of percentages of germination gives the summary of re- 
sults :— ' 



• 

When tested 


Untreated seed. 


Treated seed. 


let day 


2d day 


Sdday 


8th day 


Ist day 


ad day 


8dday 


8th day 


Attimeoftreatm't 
61 moB. after treatm*t 
13| <« «« «« 





1 


23 

26 
69 


62 
58 
90 


99 
96 
98 


10 




63 
87 
80 


76 
63 
00 


94 
98 
79 



Rather low temperature at the time of the first test (July 1, 1891) in the 
above table unfortunately reduced the germination the second day. 

It is evident (1) that the germination of the treated seed is more rapid 
than of the untreated seed immediately after the treatment, and (2) That this 
ratio continuously declines with time and the germination is ultimately 
less rapid and inferior. 

Besides, the seed which was treated twenty-four hours with a one-half 
per cent solution of potassic sulphide twenty-four hours, though germln - 
ating well at first, lost its germinating power to a remarkable degree sub- 
sequently as the following table shows : — 



FRRCENTAOB GERMINATION 


OF CORN. 






When tested 


Mode of treatment 
of the seed. 


Germination. 


Ist day 


2d day 


3d day 


8th day 


At time of treatment 


I7NTRSATED. 





12 


36 


100 


u 


Water, 132* F. 15 min. 





28 


58 


100 


t( 


K, 8, iK solution 8 hrs. 





86 


70 


100 


M 


K,8, «• " 24 *« 


42 


85 


97 


100 


6| months after treatment 







1 


89 


99 


<t 


Water, 182* F. 15 min. 





6 


87 


99 


i( 


K, 5, ii solution 8 hrs. 








14 


97 


i« 


K,8, " « 24 " 








1 


75 


13| months after treatment 


UNTBBATBD. 





70 


97 


97 


i« 


Water, 132- F. 16 min. 





88 


96 


99 


i« 


E, 8, iK solution 8 hrs. 





83 


92 


97 


«• 


K, 8, *' " 24 »• 





2 


15 


66 
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The FERTnJZATION OF THR FIG AND CAPRIFICATION. By C. V. B1I.KT, 

Ph.D., U. S. Dept. Agric, Washington, D. C. 

[ABSTBACT.] 

Ik the production of the best Smyrna figs, certain minute Insects are 
concerned in a manner which is very puzzling to the lay mind. The sub- 
ject of caprlflcation is, in fact, most complicated, and has occupied the at- 
tention of some of the best investigators ; and since flg culture Is rapidly 
becoming an important industry in parts of the United States, especially 
In California, our people are beginning to realize that caprlflcation is nec- 
essary to the successful cultivation of the Smyrna figs. The question has 
been intelligently discussed by Gustav Elsen and other enterprising fruit 
growers of California, but one of the most conspicuous writers on the sub- 
ject from San Francisco, instead of adding to our knowledge, has simply 
obscured the facts and increased the errors. 

The term "capriflg" denotes one of the two forms of the cultivated flg 
tree (^Ficus carica) and is commonly, though erroneously, called the "Wild 
Fig Tree." The other form is the flg tree proper, i, e., that form which 
produces the edible fruit. The capriflg also produces fruit, but it is small 
and insipid. ** Caprlflcation" is a l)otani co-entomological operation con- 
sisting in the transfer of certain minute insects which develop In the seeds 
of the capriflg to the flg tree proper, in order to secure, through these in- 
sects, the fertilization of the female flowers, and thereby the production 
of the edible fruit. The usual mode of caprlflcation practised n*om time 
immemorial in Asia Minor, Greece, Turkey, Southern Italy and Southern 
Spain Is as follows : — On a certain day In the spring of the year the young 
figs of the capriflg are gathered, two or more of them fastened to the end 
of a tough reed, and these loaded reeds are then laid or dexterously thrown 
on the twigs of the true flg tree. 

The author here sketched the history of caprlflcation since the days of 
Aristotle, and gave details of the peculiarities of the flg flowers and of the 
flg Insects, especially of the true capriflg insect, Blastophaga psenu. He 
referred to some twelve different flg Insects, most of them new, con- 
nected with the wild flgs of America, from Florida, Mexico and St. Yin- 
cent, and closed with the following practical considerations :— 

The Adriatic varieties of flgs have been transported by means of layers 
and cuttings, and are now cultivated In almost every part of the globe pos- 
sessing a climate suitable to the growth of the flg tree. Thus we see that 
in the more southern parts of our own country, and more especially in 
California, where soil and climate appear to be admirably adapted to flg 
culture, large quantities of flgs are produced annually, which, in quality 
and size, compare favorably with the best Adriatic flgs produced in Italy 
or France. But even the most enthusiastic of these flg growers concede 
that their flgs are inferior In every respect to the Smyrna flgs, and all agree 
that the superiority of the latter consists not so much in their greater size, 
greater sweetness and pulpiness, as In the delicate flavor of their fertile 
seeds. Strong efforts have been made In California to Introduce the gen- 
uine Smyrna flg. Seedlings, cuttings and layers from the most famous flg 
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growers In the Mseander Valley, near Smyrna, have been produced regard- 
less of cost, and extensively planted in Caiifornia. Tlie trees have grown 
admirably, but lo 1 the fruit drops when still quite young, or, In some few 
instances where it adheres to the branches, remains small and insipid. 
This failure has been attributed to all sorts of causes : Inflnence of climate, 
soil, irrigation, dishonesty on the part of dealers in roots and cuttings, 
etc. ; but the trne explanation, as given by Mr. Gustav Eisen, who has in- 
telligently studied the subject, was till lately disregarded and ridiculed, 
the fact having been generally overlooked that the Smyrna fig has always 
been, and Is still cultivated by means of caprlflcatlon, and that the tree 
which, in its home, produces fruit with fertile seeds solely by the agency 
of the Blastophaga, cannot produce the same kind of fruit when trans- 
planted into a country where there are no Biastophagas. 

There is but one way to cultivate successfully the genuine Smyrna fig 
in California, and that is to plant both the female flg trees and the caprlflg, 
and to introduce and colonize the Blastophagas. The planting and raising 
of the caprifig present no difficulty whatever; it is only necessary to sow 
the seeds of the genuine Smyrna fig, and both caprlllg and true fig trees 
will result. Indeed this has already been done. But the genuine Blas- 
tophagas must also be introduced, for it is highly improbable that the 
Blastophagas, peculiar to our own wild flg trees in southern Florida and 
Mexico, are fitted to do the work. The Blastophagas, peculiar to Ficus ca- 
ricOf must, therefore, be introduced from their native home in Asia Minor 
or some other part of the Mediterranean. Fruits of the caprifig or twigs 
of the tree, with adhering fk*uit, may doubtless be brought over at the 
proper season in good condition, i. e., with the Blastophagas within the 
fruits living and healthy; but success in the experiment depends not only 
on the good condition of the Blastophagas, but also on the condition of 
the caprifig trees growing In California at the time of the arrival of the 
Insects. The gall-flowers of the trees must, at that time, have attained 
Just the precise state of development when they are ready for the oviposl- 
tlon of the Insects. If they are not advanced enough, or are advanced 
too far, the acclimatization of the Blastophagas Is sure to be a failure. I 
have for sometime recognized the Importance of the Introduction of these 
Blastophagas, and have had correspondence with parties in California In 
reference to the matter. But my plans to send a special agent abroad for 
this and other purposes have been hitherto frustrated by conditions over 
which I liave had no control. The efforts made last summer, however, by 
Mr. J. Shinn, of Niles, Alameda Co., and Mr. Gustav Einen, of San Fran- 
cisco, have sufldclently proved the practicability of the scheme. A box of 
caprlflgs and Blastophagas arrived In San Francisco last August, many of 
the insects belngalive and aiiparently Just hatched. The figs were collected 
at Lochia near Smyrna In the last days of June. The box reached Smyrna 
on the 2d of July, arrived in New York on the 18th, and on the 23d reached 
Mr. Shlnn at Nlles, requiring only twenty-five days for the journey; this 
time being quick enough to Insure full success in any similar importations. 

So far as I have been able to learn from correspondence, we have no 
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eyldence that this effort of Mr. Shinn's was successrnl. Bat socli enter- 
prises, requiring considerable expenditures, should not be left to private 
effort, but belong particularly to our National Department of Agriculture ; 
and it Is not particularly encouraging to reflect that projects yery gener- 
ally condemned by men of science will be apt to And favor at Washingtoo 
if they but add to political and appointive power; whereas thoroughly sci- 
entific and practical work, which appeals less to political suseeptibilitles, 
too often fluds little sympathy. 



Notes ox SELF-POLLINATION or THK6RAFB. By S. A. Beach, Geneva, N. Y. 

[ABSTRACT.) 

The paper explains that the proper time for examining grape buds to 
determine whether self-pollination occurs before the flowers open is just at 
the time when dehiscence of the corolla begins. The process of dehiscence 
and self-pollination is then explained. The total number of individuals 
in which self-pollination was observed is seventy-seven, distributed among 
eight species and their hybrids and crosses. 

Clusters of grapes were inclosed in bags before blossoming to prevent 
the access of foreign pollen. Three cultural varieties having pure Xo- 
bru^a blood were found to be fully self -fertile and a fourth was nearly 
so. Of seventeen hybrids and one cross having Ijabruaca and Vinifera 
blood three were fully self -fertile; these had long filaments. One partly 
self -fertile also has long filaments. Eleven had pollen self -irritant only. 
So far as known these had short filaments. One had pollen self -impotent; 
it has short filaments. Every one of these eighteen plants having mbort flU- 
ments is practically pistillate, every one with long filaments is self -fertile. 
A specimen of Aestivalis has long filaments and is self -fertile ; the same is 
also true of the Delaware (hybrid of Vinifera and Itipariaf), VUis Doa- 
niana as represaited by a vineyard specimen has pollen self -irritant only. 



Adaptations of pi^nts to external enyironubnt. By William P. 
Wilson, 640 N. 82d St., Philadelphia, Pa. 
[abstract.] 
A COMPARISON of various lowland v^etation with that of desert and 
mountain areas. 
Illustrated by photos and drawings from the living plants. 



The comparative influence cw odor and color of flowers in attract- 
ing insects. By Geo. B. Sudworth, Forestry Division, Dep*t of 
Agric, Washington, D. C. 

lABSTRACT.] 

The author of thi8pai>er called attention to a supposed evolution, or de- 
velopment from a low to a high grade in the colors of flowers, ranging from 
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**tbe simplest, yellow ; second, white ; third, pink to red ; fourth, the most 
perfect color, blue." He spoke then of his own and other experiments 
which seemed to prove that nectar-gathering insects of higher orders 
(honey bees, etc.,) show a preference for the higher-grade colored flowers. 
He believes, however, that the comparative attractability of color is less 
powerful in its influence on insects than that of odor, his experiments 
showing, first, that honey bees work persistently upon syrup scented with 
an artificial sweet odor (anise), but refuse to take the same sweet when 
nnscented ; and second, his experiments showed that color does not attract 
insects at all when tested equally with an odor, the supply of sweet to 
be obtained in connection with the color and odor test being equal in both 
cases. 



A COMPARATIVE STUDY OF THE ROOTS OP RANUNCULACRiB. By Dr. F. B. 

Maxwell, Rockford, 111. Presented by W. R. Dudley. 

[ABBTBACT.] 

This paper contains the results of the microscopic examination of the 
roots of about thirty species of Ranunculacese, native to the northern 
United States, inaluding a comparative study of the apical meristem and 
of the changes taking place through secondary growth. 

The authorities on meristem structure, so far as they have treated of 
the roots of this natural order, have assigned them to a single type, while 
the writer finds there are two principal types represented, each Including 
a considerable number of species, and has also made a subsidiary type for 
the roots of two species. 

It is usually assumed that secondary changes take place to a greater or 
less extent, in the mature roots of Dicotyledons. The present study de- 
monstrates, however, that in many Ranunculacece, the primary structure 
persists in the older root. On the basis of the changes taking place 
through secondary growth, the author has made three classes for the 
roots studied. 



The ROOT- system of Mikania scandbns L. By W. W. Rowlee, Instruc- 
tor IN Botany, Cornell Univ., Ithaca, N. Y. 
[abstract.] 

Many aquatic plants develop roots that exist in the water and never 
reach the soil. Mikania scandens develops a great number of these roots. 
A few appear upon the plant during its growth in summer, but the great- 
est development of the root-system is during and after fiowering in the 
autumn. In the earlier part of the season they show comparatively little 
tendency to branch; in autumn the branching is immense. At this time 
most of the rootlets spring from the larger roots, but many come from 
the lower part of the stem especially the nodes. All these roots are 
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Plbospora of TROPiBOLUM MAJus. By Prof. BtronD. Halstkd, Kutgers 
College, New Branswick, N. J. 

[▲BBTRAGT.] 

A Fuxous of the Alternaria type was found npon foliage of garden nas- 
tartiam CTropctolum majus) associated with perithecia of a Pleospora. 
Coltares were made of the Alternaria spores upon slant agar tubes and a 
pure growth of the blacic mould obtained followed by the ascigerous form 
in, and not upon the surface of the agar. The perithecia were of many 
and strange shapes not at all resembling those of the leaves except In the 
cellular structure of the wall and the size and shape of the spores. This 
was an unusual instance of the direct modification of the surrounding 
media upon the size and form of the perithecia. The history of the forma- 
tion of the perithecia was easily made oat and while there were hints of 
the presence of the process of fertilization it was not demonstrated. 

T-lie species is apparently new and while it approaches Pleoapora Amer- 
icana E. and E. upon the pea it differs in several characteristics. Follow- 
ing the ordinary rule of recognizing the host in the specific term the name 
of the species in hand may well be Pleospora troposoli n. s. 



Secondary spores of Amthracnosbs. By Prof. Byron D. Halsted, 

New Brunswick, N. J. 

[abstract.] 

A STUDY of the germinating spores of species of Anthracnoses teaches 
that the formation of the "special cells'* or "secondary spores" is probably 
confined to two genera namely : GloBOsporium and CoUetotrlchum. They 
seem to be constantly present in these two genera. Those conditions 
which are not especially favorable for the production of ordinary spores 
are well adapted to the formation of the secondary spores. There is some 
uniformity in the color and shape of the special cells but more in the posi- 
tion they occupy upon the filament. 

Th6 nature of these cells is not easily determined. They seem to be 
bodies for enduring periods unfavorable for the growth of the fungus. 
These cells sometimes increase in number and form asclerotiumas is well 
known among some other ftingi. Twenty-four species of spures were 
studied. 



A BACTERIUM OF Phasbolus. By Prof. Byron D. Halstbd, Rutgers Col- 
lege, New Brunswick, N. J. 

[ABSTRACT.] 

Complaints of a serious disease of beans with samples were received 
Arom a large seed-growing firm. The diseased beans were small and were 
marked at one or more places with brown irregular somewhat sunken spots. 
When sown 'they failed to produce healthy plants and when placed on 
perforated porcelain plates over water they began soon to decay. 
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In tbfs connection I have also made nameroas attempts to isolate bac- 
teria from difTerenb forms of vegetable tissue where I flrstt maele sure that 
there were no previously existing wounds, but in no case have I be^n able 
to And mlcro-organismn present. 

The evident conclusion from my experiments is that healthy plant tissue 
like animal tissues is normally free from bacteria; but that, unlike the an- 
imal tissue, many micro-organisms are able not only to exist within the tis- 
sues of plants but possibly possess some powers of multiplication. 



Bactrriologtcal investigation of marink waters and the sraflooe. 
By Dr. H. L. Kusskix, University of Chicago, Chicago, 111. 
[abstract.] 

The observations stated below give in bare outline the results obtained 
by tlit^ analysis of marine waters and underlying mud from a bacteriologi- 
cal standpoint. This field of bacteriology has heretofore been left quite 
untouched but in the present discussion mention can only be made of the 
more salient points. 

After detailing the methods used in securing the water and mud and the 
methods of analysis that were adopted, the author gave some of the more 
prominent conclusions that he had drawn from the study of the mai-ine 
water and mud, which had been carried on at Naples and also at Wood's 
HoII, Mass., during the past two years. 

I. The marine waters are inhabited by a specialized bacterial flora that 
is present In the waters irrespective of land proxmiity. Outride of the 
line of coastal contamination, no marlced variation could be traced In the 
contents of the superficial waters other than that attributable to local va- 
riation. In regard to the vertical distribution of germs the same result 
was found. The water fi*om 2500 feet deep contained quite as many as did 
that from the surface. 

II. The marine mud Is likewise rich In micro-organisms. Indeed, as 
regards numbers per unit of volume, the mud Is infinitely richer In germ 
life than the superincumbent water masses. These numbers vary greatly. 
Near Naples at the depth of 150 feet and two miles from land, the mud of 
the sea bottom yields 200,000 to 300,000 germs per cc. Tills number fell rap- 
Idly as the depth increased until at 3,500 feet, there were only about 25,000 
per unit of measure. 

The work at Wood's Holl this year shows that the mud at this point is 
mnchless rich than the Mediterranean slime. Here it ranged from 10,000 to 
30,000 germs at a depth of thirty to sixty feet and outside of land contami- 
nation. The excess of the mud over the water contents is brought about 
largely by the growth of indigenous mud forms as revealed by qualitative 
analysis. These species are distinctively mud-living in their habitat and 
are only found in the slime at the bottom. They did not reach their present 
position by deposition from above, but have gradually worked their way 
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along the sea bottom. By means of differential cnltnres, the actual condi- 
tion of the germs in water and mad was determined and it was foand that 
both mud and water were richly endowed with bacterial life In an a'^tlvely 
vegetating condition. 

In regard to the species distribution some points were also brought oat. 
The bathymetrical range of the predominating species was in some cases 
determined and it was found that the same species was able to live at 
widely different depths, the limits of growth exceeding in some cases 3,500 
feet. 

When the difference in environment at the surface and at this depth is 
considered, it will be seen that certain forms have a remarkable power of 
adaptation. The comparative work at Naples and Wood's Iloll also gave 
an opportunity to determine the universality of species distribution geo- 
graphically. 

At Wood's Holl, besides working over quite thoroughly the region of 
Buzzard's Bay and Vineyard Sound, samples were also taken on the Gram- 
pus, the U. S. F. C. schooner, at a distance of 100 miles from land and the 
same species in general were found to be distributed over this entire area. 
The species found at Naples were quite different with but one exception 
from those isolated on our Atlantic coast. One of the most marked of the 
Naples forms was also found to be an occasional inhabitant of the ocean 
slime on this side showing that the distribution in this particular instance 
was quite widespread. 

[This paper will be printed in the Botanical Gazette.] 



On thr value of wood ashes in the treatment of peach yellows. 
By Ebwin F. Smith, U. S. Dep't or Agriculture, Washington, D. C. 

[ABSTRACT.] 

These experiments were undertaken for the United States Department 
of Agriculture. They were begun in the spring of 1389. 

The orchard is about seven miles south of Dover, Del., in what was for- 
merly considered one of the most productive and valuable peach regions 
of the State. The locality contains many extensive orchards seriously in- 
jured by yellows and rapidly becoming worthless. This field was set in 
the spring of 1882 and contained about 2,800 trees, 20 x 20 feet apart, i. e. 
108 per acre. The trees have been thoroughly cultivated and otherwise 
well cared for. They grew vigorously and all of them were healthy for 
four years. In 1886 there were 3 cases of yellows; in 1887, 267; in 1888, 
814. The remainder of the orchard was healthy and thrifty in the spring 
of 1889, and the trees were of quite uniform growth. 

The field is a level tract only a few miles distant and not many feet above 
Delaware bay. The soil is a light loam resting on several feet of porous 
yellow clay beneath which are yellowish and reddish stratified sands. 

Five plats were selected for treatment. Each consisted of a double row , 
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BB 


88, 


CO 


69, 


DD 


48, 


BE 


45, 



separated from the next treated plat by a doable row of untreated trees. 
The treated plats contained 135 trees; the untreated, 136. In the spring 
of 1889 there were fonr cases on the untreated, leaving 132 healthy trees. 
The treated plats contained ten cases, leaving 125 healthy trees. Eight of 
these ten cases were on one plat, and If they exerted any influence on the 
results it most have acted equally on treated and untreated. 

The treatment consbted of strong, unleached, hard- wood ashes applied 
twice as follows : 

A A 186, lbs. per tree. May 8, 1889 ; 186, lbs. per tree, April 22, 1890. 

«( ii oa «i ii <( 

Ii t\ AQ <« (< <( 

if (i 45^ « K it 

The ashes were sowed on plowed ground and harrowed in. The soil 
was also plowed and harrowed In 1891 and 1892. No effect on the foliage 
was noticeable until the second season. 

The results are as follows : 

(1) None of the ten diseased trees were cured. Other cases appeared 

(2) The cases did not become nnmerous until more than a year after 
the first treatment, i, «., until the ashes had had time to become blended 
with the soil. 

(8) One of the controls remained freer fk'om disease than any of the 
treated plats, and very free until 1892 when nearly all of the trees became 
affected. 

(4) Almost all of the treated trees succumbed to the disease in 8^ years. 

C5) The same is true of the untreated, but a comparison by years up 
to the fall of 1891 shows that the disease progressed more slowly among 
the untreated. 

(6) Light and heavy treatments were equally ineffectual In staying the 
progress of the disease. 

The cases by years and the per cents, are given in the following table. 



TKKATBD— 6 PIJITS— 125 HBALTHT TRBBS. 


ONTRSATBD-^ PLATS-182 HEALTHY TREES 


Tear 


1889 


1880 


1891 


1892 


Total 


Total 


1892 


1891 


1800 


1889 


Gaaea 


2 


29 


49 


42 


115 


110 


55 


88 


ae 


2 


% 


1.6 


23J 


8S.6 


88.6 


02.0 


88.0 


41.7 


25.0 


19.7 


1^ 



The conclusion is that peach yellows cannot be cured or prevented by 
the use of wood ashes. 
[This paper will be printed in substance in Dep't of Agric. Bulletin.] 

▲. A. A. S. VOL. ZLI. 15 



Digitized by 



Google 



226 SEOTION F. 

On the yalur of sufbrpho8phatb8 and muriatb of potash in the 

TREATMENT OF PEACH YELLOWS. By ERWIN F. SMTTH, U. S. Dept. of 

Agriculture, Washington, D. C. 

[ABSTRAOT.] 

The experiments here de<«cri1^ form part of a large number under- 
taken by the U. S. Department of Agriculture in the spring of 1889, and 
continued three years. 

The orchard is In the north part of Kent County, Md., in a great peach 
region now seriously affected by yellows. It includes about 2,900 trees 
set in 1881, and cultivated in the usual way. The trees grew thriftily and 
all of them were healthy for five years. In 1886, there were four cases of 
yellows; in 1887, 818; in 1888, 800. The remainder of the orchard was 
still in good condition In the spring of 1889. The field is a level upland 
only a short distance from Chesapeake bay. The soil is rather stiff loam 
on a yellow clny subsoil resting in turn on a deep red clay. 

For treatment ten plats were selected in various parts of the orchard so 
as to fairly represent the whole. Each whs then subdivided so as to make 
twenty in all. These plats contained 644 healthy trees, and fewer cases 
of yellows than any other areas of like size. For comparison ten equally 
representative plats were selected. These contained 810 healthy trees, but 
a slightly greater per cent of cases of yellows. The remainder of the or- 
chard contained many healthy trees, but was least free from disease. 

The twenty plats (ten subdivided) received four treatments with a mix- 
ture consisting of kieserite 4%; muriate of potash 24%; and dissolved bone 
black 72%. The treatments were given in the spring of 1889, autumn of 
1889, spring of 1890, and spring of 1891. During the course of the two 
years each tree received about 12 lbs. of this mixture. The north half of 
each plat also received two extra treatments with muriate of potash. 
This was put on in the springs of 1889 and 1891, at the rate each time of 
two lbs. per tree. The fertilizers were harrowed in or plowed down. An 
examination in the autumn of 1891 showed the following conditions: 

Per cent of new cases on the controls 15.1 

Do on S 1 of the treated plats (281 trees) 23.1 

Do on N A which received extra muriate (286 trees) 29.3 

Average of the entire orchard. 19.4 

The conclusions drawn from these experiments are that superphos- 
phates and muriate of potash have no specific action in peach yellows, and 
that, if anything, the treatments here described favored rather than hin- 
dered the spread of the disease. [The substance of this paper will be 
printed in Bull, of Dep*tof Agriculture.] 



How THE APPLICATION OF HOT WATER TO SEED INCREASES THE YIELD. By 

Prof. J. C. Arthur, LaFayette, Ind. 

[ABSTBACr.] 

The use of hot water for preventing smut in wheat and oats has led to 
the discovery that when the seed of cereals is immersed for a few minutes 
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in water at 125^ F. and upward, the rate of growth and yield from such 
seed Is greatly increased. It is found that this is not dne to any change 
In the character of the seed coat by which it is enabled to absorb water 
more readily, or to the presence of extra water in the seed at the time of 
sowing. The. paper details the experiments and evidence, which have led 
to the conclusion that the moist heat renders an additional amount of en- 
zym available, which otherwise wonld only come into action slowly as the 
seed grew. This active ferment renders an nnnsual amount of starch 
soluble at the outset, and in consequence there is increased growth and 
final yield. 



NoTBS ON Maizb. By Dr. Geobgb Macloskie, Princbton, N. J. 



Spikes of wheat BBASiNa abnormal spikelets. By Prof. W. J. Beal, 
Agricultural College, Mich. 



Adaptation of seeds to facilitate germination. By W. W. Bowlee,. 
Instructor in Botany, Cornell Univ., Ithaca, N. T. 



Note on the yellow pitch-pine, Pinus rioida Mills, var, lutea, n. v. 
By Dr. W. A. Kellerman, Ohio State Univ., Columbus, Ohio. 



Do Termites cultivate Fungi? By O. F. Cooke, Clyde, Wayne Co., 
N. Y. 



Notes on Daucus carota. By Prof. Charles W. HABGirr, Syracuse, 
N.Y. 



Conditions that determinb the distribution of bacteria in the water 
OF A RIVER. By Prof. James H. Stoller, Union College, Schenec- 
tady, N. Y. 



Variation in native ferns. By Rev. W. Beauchamp, Baldwinsville, 
N.Y. 



Sketch of flora of Death Valley, California. By Prof. Frederick 
V. CovnxE, Dep't of Agriculture, Washington, D. C. 



Digitized by 



Google 



228 SEcnoN v. 



LrVS-FORrEVER RRADICATED BT A FUNGOUS DISBASE. BjT Dr. D. F. FaIB- 

CHILD, U. S. Dep't Agriculture, Washington, D. C. 



Otto Kukze's changes in nomenclature of North American Grasses, 
By Dr. George Vasey, U. S. Dep*t Agriculture, Washington, D. C. 



Revised nobcenclatcrb of the arborescent flora of the Unitkd 
States. By B. E. Fernow and G. B. Sudworth, U. 8. Dept of 
Agriculture, Washington, D. 0. 



Shrinkage of wood as observed under the microscope. By Fm- 
BERT Roth, Ann Arbor, Mich. 



Feziza sclerotium. By Prof. L. H. Pammbl, State Agricultural College, 
Ames, Iowa. 



Temperature and somb of its relations to plant life. By Frof . L. 
H. Pammbl, State Agricultural College, Ames, Iowa. 



Report to the biological section of the A. A. A. 8. on the American 
table at Naples. 

The committee appointed at the Washington meeting to solicit sub- 
scriptions for the support of an American Table at the International Zod- 
logical station at Naples, Italy^ respectfully submits the following report : 

Subscriptions were obtained as follows : 

A. A. A. 8. $100.00 

Association of American Naturalists (Annual meeting, at 

Philadelphia in December, 1891), 100.00 

University of Indiana, ----- 50.00 

Frof. C. O. Whitman, 26.00 

Maj. Alex. Henry Davis of Syracuse, N. Y. 225.00 

Total $600.00 

Upon application highly endorsed by Professor Whitman and others, 
Dr. E. B. Wilson, Adjunct Professor of Biology, Columbia Coll., N. T., was 
granted the use of the table from Jan. 1st to July Ist, 1892. Professor 
Wilson worked upon the embryology of Annelida. 
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Upon appllcatioii endorsed by Professor Brooks and Dr. H. L. Russell of 
Johns Hopkins University, the use of the table from Sept. 1, to Dec. 1, 
1892, was granted to Dr. G. W. Field, A.B., Brown Uulverslty, 1889, 
Ph.D., J. H. U., 189^. 

Dr. Field has already started for Naples where he Intends to study the 
phenomena of the regeneration of lost parts among fichinoderms. 

Your committee has heard indirectly that an American lady zoologist 
has recently made application direct to Gehemirath Dohrn for permission 
to work at the station and that the permission has been granted. 

Dr. H. L. RusseU, who occupied the Table from April 1, to July 4, 1891, 
has published the results of his investigations conducted at Naples in two 
articles : 

**Untersuchungen liber Im Golf von Neapel lebende Bacterien (Zeits- 
chrift ftir Hygiene und Infectionskrankheiten, Bd. xi, p. 165-206, Taf. xn 
u. xni) ; Impfungsversuche mit Giard's pathogenem Leuchtbacillus 
(Centralblatt ftir Bakteriologie und Parasitenkunde, Bd. xi, p. 557-569). 

Very general satisfaction has been expressed by American biologists 
upon the action of the A. A. A. 8. last year, in taking the initiative for 
the support of an American table at the Naples station and several prominent 
investigators have expressed the hope that the Association will appoint 
a committee this year to collect the necessary money for the support of a 
table for the year 1893. Two biologists have already signified their wil- 
lingness to subscribe for the table for 1893. 

Your committee therefore respectfully recommends that the Biological 
Section of the A. A. A. S. petition the Council for a subscription for 
1898, and that a committee be appointed to raise the balance necessary for 
the support of the table. 

Respectfully submitted, 

B. £. Fbrnow, Chairman. 

R. W. Stilks, Secretary. 

Washington, D. C, August 15, 1892. 



Report upon thb pboposbd biological station at Jamaica. Bv Albert 
H. TuTTLB, University of Virginia, Charlottesville, Va. 

This report Is made to Section F for the purpose of calling attention to 
the movement now on foot for the establishment of a Station at some de- 
sirable point upon the island of Jamaica, to be known as '*The Columbus 
Marine Biological Station." It is the Intention of the promoters of the 
enterprise to make the Station international, but chiefly under English 
and American auspices, and steps have already been taken in England and 
America towards the accumulation of an adequate f^nd. 

The advantages offered by such a Station to American biologists will 
be manifold. Among others may be mentioned the richness of the fauna 
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and flora, both marine and terrestrial. Prof. Jas. D. Dana says of this, *<I 
know of no place on either side of the northern Atlantic so well snited fn 
this respect for a biological station :" Prof. W. K. Brooks, who has already 
spent several months at Jamaica, and who has made prolonged visits to 
nearly every point of importance along onr coast and at several places in 
the West lodies, expresses himself equally strongly in favor of the pro* 
posed location. The opportunity which every naturalist desires to see 
something of tropic life can nowhere be afforded more advantageously. 
The climatic conditions are favorable to a marked degree, and the high 
mountains of the Interior afford numerous pleasant places of resort when 
a change is desired firom the heat of the coast. The island Is well gov- 
erned under English rule, and good sanitary conditions exist in the towns. 
The cost of living is small, and access from American ports is easy and 
not expensive, rendering it practicable for American investigators to spend 
successive summer vacations at the Station without great inconvenience or 
outiay. 

It is certainly desirable that the American Association for the Advance- 
ment of Science should do all in its power to aid in the establishment and 
maintenance of the proposed Station : to this end it is suggested to this 
Section that it recommend to the Council of the Association the appoint- 
ment of a committee to report at the next meeting upon a plan of coopera- 
tion, Including the permanent establishment of a table at the Station, to 
be known as the American Association table. 



BkFORT of COMMriTKB ON BIOLOGICAL KOMXNCLATURB. 

Se9olutton» of the Auttralasian Association for the Advancement of Science 
concerning an International Committee on Biological Nomenclature, 

** 1. That it is desirable to secure greater uniformity in Biological No- 
menclature, especially in the department of Morphology. 

2. That in order to secure such uniformity the following steps be 
taken : — (A) The appointment of an international committee to define 
terms of general importance, e, g,, terms common to Botany and Zoology, 
terms relating to position, etc. ; (B) The preparation of an authoritative 
Historical Glossary of Biological Terms ; (C) The systematic record of 
new terms in the various recording publications. 

8. That copies of these resolutions be transmitted to the British and 
American Associations and to the Anatomische GeseUschaft." 

In response to the above, the American Association for the Advance- 
ment of Science, at its Washington meeting (1891), appointed, on nom- 
ination by the Section of Biology, the undersigned committee. At the 
Kochester meeting of the Association the following report was submitted 
to the Section of Biology, the Executive Council of the Association, and 
to the Association in general session. It was unanimously adopted, and 
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the Committee continned. The report is therefore the preliminary con- 
tribution of the American branch of the International Committee on 
Biological Nomenclature. 

BecommendcUions ntbmUted by the Committee and unanimously adopted by 
the Association, Aug, 22-23, 1892 : 

1. The committee snggest that the French and Italian biologists each 
be inyited to appoint a branch committee to act with the others. 

9. It seems to the committee that, for the real betterment of nomen- 
clature, It is necessMry first of all to arrive at some agreement as to the 
underlying principles that should govern biological terminology. 

(See notes following concerning these principles.) 

8. It is necessary, under (A) of the second resolution, first of all, to 
make some kind of a selection of terms that are to be so carefully defined. 
And in this selection the guide should be the underlying principles that are 
agreed upon concerning the character of the Improved biological nomen- 
clature. CSee p. 282) 

4. The carrying out of (B) of the second resolution would logically 
follow from (A). 

In this **authoritative glossary" it Is recommended that the Latin form 
be given as the major heading, the headings being given in alphabetical 
order as in an ordinary dictionary. 

It would be of very great advantage to have the etymology of the word, 
the gender of the Latin form, if a substantive, and also the inljective and in 
some cases the adverbial form. 

Following the Latin form should appear the Italian, French, German 
and English forms of the word, i. «., Paronyms, with the gender, nomina- 
tive singular and plural and the adjective form exactly as for the Latin. 

If the principle of Paronymy were thus carried out, the glossary would 
be as easily usable by any one familiar vdth biology as would a general 
dictionary of his own language. If one takes the word Biology, for ex- 
ample, it would be seen how easily the steps given above could be carried 
out: 

BiOLOGiA, Lat. s. f. pi. biologiae, adj. biologlcus. 

Ital. La Biologia, pi. le blologe, adj. biologico. 

Fr. La Biologic, pi. les biologies, adj. biologiquc. 

Ger. Die Biologic, pi. die Biologien, adj. biologisch. 

£ng. Biology, pi. biologies, adj. biological. 

(Used In its most general sense this word would have no plural, but 
the plural form might be used as is that of Philosophy. The plural was 
added to illustrate the plan with this pnrticular word in which the com- 
mittee is especially interested. The word Nomenclature is nearly as good 
an example). 

Following the Latin form with its Italian, French, German and 
English paronyms, it would be of great advantage to have exactly the same 
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definition appear in the different languages, then each oonid asstmilate the 
Idea through the medium of his own language. 

It might be well also to include in this glossary the more eoiDmoD 
Ternacular equiyalents for ease in discoFeriug the proper technical words. 
In this case the vernacular equivalents should be given in alphabetical 
order with the Latin words and a reference made to the Latin form. 
(This method of a single vocabulary in alphabetical order Is that of 
Foster's Medical Dictionary.) 

5. (C). The committee urgently recommend that whenever a techni- 
cal word is used for the first time, the author should give in a special 
note, (a), the Latin form, (b) the etymology, (c) the proper adopted form 
or paronym for his own language, with adjective, etc., when applicable, 
(d) as concise and precise a definition of the term'as possible. 

If a term is used in a new sense, attention should be called to it in a 
special note and the new sense carefully defined. 

Finally the ** recording publications" should, in giving the new words, 
give the Latin form as a major heading, and add the adjective, etc., and 
the various paronyms formed on established philological principles, an 
expert in biology as weU as in philology in each language performing the 
work for that language. The definition should also be given in aU tlie 
languages. In this way the compilation of future autboritative* glossaries 
would be greatly simplified. 

6. With reference to the unification of terms in botanical and zo5- 
logical morphology it (second resolution (A) ) Is certainly worthy the 
best efforts of the committee. The way was really opened by Schleiden 
and Schwann, and by calling the same substance in animals and plants by 
the same name, viz.. Protoplasm (Sarcode of Dujardin, Protoplasm of 
Furkinje, von Mohl and Max Schultze). See the accompanying list of 
works on nomenclature. 



Underlying Principles to gvide in the Selection of a Biological Tertninology : 

The following are submitted by the committee for consideration and 
adoption : 

1. That the names of organs and parts, and the terms indicating 
position and direction should be single, designatory words (Mononyms) 
so far as possible, rather than descriptive phrases. All who have con- 
sidered the subject of Nomenclature have advocated this as one of the 
guiding principles. This would exclude the use of the names of men as 
applied to parts of the body, as, for example, Malpighian -corpuscles for the 
renal glomeruli and the lymph follicles of the spleen. 

2. That morphological terms should be etymolc^caUy correct, and so 
far as possible derived from Greek or Latin, and that each term should 
have a Latin form. 

That all terms should have a Latin form, regardless of their derivation, 
has been almost universally advocated. From the nature of the language, 
Greek has been the great storehouse from which science has drawn its 
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technical terms; It Is by far the most satisfactory source for precise 
terms. 

8. That terms relating to position and direction in an organism should 
be INTRINSIC and not extrinsic, that is, should refer to the organism it* 
self rather than to the external world. 

The desirability of using an Intrinsic terminology for direction and po- 
sition in an organism, was very clearly pointed out by Chaussier (1789) 
by Barclay (1803), and by numerous writers since. The actual employ- 
ment of an Intrinsic terminology, to a greater or less extent is illustrated 
in all the great anatomical and morphological works as one may see by 
consulting the Anatomle of Blchat (1801); that of Henle (1873); the 
works of Owen, 1846, 1868, that of Key and Retzius, and the Monographs 
on Embryolo^lcal, Morphological or Physiological subjects appearing in 
the Philosophical and other Transactions and in the great scientific peri- 
odicals. 

The suggestion of the committee is then that this most desirable ten- 
dency in the direction of the use of intrinsic terms be encouraged, and the 
systematic use of such terms be urged. 

4. It is further recommended that each of the technical words have, 
in addition to its proper Latin form, a form which shall make it conform 
to the genius of the various languages, i. e., that a paronym be made for 
each technical word. In many cases the Latin form is adopted without 
change in some of the languages, or one or more languages might make 
some slight change in spelling or termination to make it more readily 
conform to the language adopting it. The word Biology is a good ex- 
ample. The point is simply that the technical wordd of Biology shall 
have in addition to the Latin form one making them a part of the language 
adopting them and ,so slightly changed that any one familiar with the 
classical form would recognize the word instantly In either Italian, French, 
German, or English. If this principle of Paronymitation were carried 
out systematically the intelligibility of scientific writing would be greatly 
increased. Naturally the Romance languages afford the best examples, 
but numerous examples are found in English and also in German. 

The committee recommend that biologists in the future consciously and 
systematically adopt a plan of terminology which has been practised un- 
consciously and unsystematically, but with great help in intelltgibillty, in 
all the arts and sciences. 

5. Perhaps no stronger plea could be made for this principle of 
paronymy, this making the technical language of science also the language 
of the people, than the following quotation from Asa Gray : — * 'Greatly to 
its advantage, English botanical terminology has adopted and incorporated 
terms from the Latin and Greek, with slight changes, not obscuring the 
Identity, thus securing all their precision and rendering the simple botan- 
ical Latin of descriptions easy of acquisition by the English student/' 
Structural Botany, § 738, p. 360. 

6. The committee consider it both proper and wise to recognize the 
labors of the Committee on Anatomical Nomenclature of this Association, 
as given in their report for 1889 and 1890. (See following page.) 
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ni, American Association for the Adoaneement of Science. Extract frem 
the Proceedings, 1890, Vol xxxix, p. 20. 

**Iburth Preliminary Report of the Committee on Anatomical Nomenclature^ 
with special rtference to the Brain" 

*'The committee recommend : 

1. That the adjectives dorsal and ventral be employed in place of pos- 
terior and anterior as commonly used in human anatomy, and in place of 
upper and lower as sometimes used in comparative anatomy. 

S. That the cornua of the spinal cord, and the spinal nerve-roots, be 
designated as dorsal and ventral rather than as posterior and anterior. 

8. That the costif erous vertebrae be called thoracic rather than dorsal. 

4. That the hippocampus minor be called calcar ; the hippocampus 
major, hippocampus; the pons Varolii, pofw ; the insula BeUii, insula; pia 
mater and dura mater, respectively pia and dura.** 

In the report of 1889 (Proceedings, Vol. xxxviii), p. 26, the point 
agreed upon by the committee was : ''The advantages, other things being 
equal, of mononyms (single word terms) over polyonyms (terms consisting 
of two or more words**). See p. 232. 

List of the Most Important Works on Nomenclature. 

1789. Chaussier, Fr. : Exposition sommaire des muscles du corps humain, 
suivant de la classification et de la nomenclature methodiqne 
adopts an cours public d*anatomie de Dijon. 

Chaussier makes some most excellent remarks on the funda- 
mental principles of terminology ; his application of the principles 
was not particularly happy, however. 

1808. Barclay, John : A new Anatomical Nomenclature, relating to terms 
which are expressive of position and aspect in the animal system. 
The work of Barclay is one of the great landmarks in Anatomical 
Nomenclature. 

1846. Owen, Richard: Archetype and Homoloiries of the Vertebrate 
Skeleton; also the Anatomy of Vertebrates, 1861-1868. 

1877. Pye-Smith: Suggestions on some points of Anatomical Nomen- 
clature. Journal of Anat. and Physiol., 1877, pp. 154-175. 

General suggestions excellent; the specific recommendations 
on histological nomenclature not so acceptable at present. 

1889. Leidy, Joseph : Human Anatomy. See B. G. Wilder's paper in the 
Phila. Medical News, Dec. 19, 1891. 

1871-1891. Wilder, Burt G. ; Variou3 papers on Anatomical Nomenclature. 

The latest in the Medical News and the preceding one in the 

Reference Hand-Book of the Medical Sciences, may be submitted 

as representing an epitome of the whole subject, with suggestions 

for future progress. 

1891. Parker, T. J. : On Nomenclature. Nature, Nov, 19, 1891, pp. 68-69. 
The subject is discussed somewhat with reference to the work 
of the International Committee. 
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1889. Congr^s International de Zodlogle ; Compte-Rendu des Stances. 

A paper by Voldemar Wagner of Moscow, discusses whether 
or not scientific names should be literally translated into the mod- 
ern langoages, p. 481. On page 425 the same author discusses his- 
tological nomenclature. 

This Vol. contains a very extended discussion of the Nomen- 
clature of Zodlogy and Botany, i. e., the names of species, etc. 
See aiso the leaflet by the Anatomische GeseUschaft, giving the prin- 
ciples on which that society thinks improvement can be made. See also 
the remarks by Kolliker as President of the Anat. GeseUschaft, at the 
last meeting, in Verhandlungen der Anat. GeseUschaft auf der fiinfte Ver- 
sammelung, pp. 8, 4 and 5 ; also in Biologisches Centralblatt, 1892, pp. 
84-86. 

W. Krause also read a paper upon the subject at the meeting of the 
British Association last year. See IntematL Monatschrift ftir Anat. und 
Physiol., Feb. 1892. 
G. L. Goodale : Terminology. 

See also list at the end of article. Anatomical Terminology, in the Refer- 
ence Hand-Book of the Medical Sciences, Vol. viU, p. 586. 

Gboror L. Goodale, 

Harvard Unlvenity, Cambridge, liass. 
John M. Coultkr, 

Indiana state University, Bloomington, Indiana. 
Theodore Gill, 

Smithsonian Instltntion, Washington, D. C. 
Charles S. Mikot, 

Harvard Medioal School, Boston, Mass. 
Simon H. Gage, 

ComeU University, Ithaoa, N. T. 
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EVOLUTION OP THE ^ESTHETIC. 



Tbb anthropological field is a wide and most diversified one, 
otTering countless themes well fitted for presentation before this 
annual gathering of section H. Prehistoric anthropology in Amer- 
ica, the department in which I with many others have chosen to 
labor, is an especially fascinating branch of the work, a field which 
opens out to the right and left into most enchanting and seemingly 
endless vistas of the unknown, tempting the investigator to ever- 
renewed effort. So numerous and so attractive are the pathways 
into unexplored regions that the mind of the enthusiast — and we 
are all enthusiasts — is fairly dazed with the allurements, and the 
desire to do and to accomplish fairly outruns the capacity to eze-^ 
cute. Each day as we hasten on, thinking to have reached tlie end 
of some particular by-way of investigation, new fields open to view 
of which we have not even dreamed. 

To-day I shall turn aside from the well-trodden ground — ^the study 
of the ordinary arts, industries, habits, customs and institutions of 
mankind — ^to take a hasty glance into a comparatively new field, 
the study of the non-essential arts of man ; from the substantial 
phases of enei^ and thought I turn to the flowers of thought, to 
the realm of the aesthetic, to that strange land of the imagination 
where nothing is seen but for the pleasui*e of seeing, where nothing 
is heard but for the pleasure of hearing, and where nothing is 
thought but for the pleasure of thinking. But it is not a pleasure 
voyage upon which I propose to embark. You will not be asked 

(289) 
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to luxuriate in the colors and fragrance of the aesthetic kingdom 
or in the seductive observation of foim and motion, but to study 
the phenomena of the beautiful as the botanist studies the real 
flowers of the fields by plucking them and picking them to pieces, 
striving thus to lay open the secrets of their existence. 

The science of the beautiful must deal with actual phenomena, 
with facts as hard, with principles as fixed and laws as inflexible 
as do the sciences of biology and physics. But in the past, on 
account of the obscurity and the complexity of the phenomena, 
the subject has been left gi*eatly in the hands of the metaphysician 
who has woven about it a dense and very subtle web of transcen- 
dental fancy. It has been sought to determine the precise nature 
of beauty as an abstract quality, to discover those particular attii- 
butes of objects, of works of art, of faces and of figures, that 
make them beautiful and distinguish them from other things thought 
to be ugly. It was conceived that this quality was fixed and uni- 
form and was the only source of those subtle pleasures of the mind 
called esthetic. The war of words has been kept up for genera* 
tions and the battle still goes on being neither lost nor won. 

There are also very intricate questions arising in the discussion 
of the subjective side of aesthetics as to the exact nature of the 
sensations and perceptions that take part in the recc^nition of beau- 
ty as well as of the related and little studied fields of the sublime 
and the ridiculous. For the present I shall pass over these more 
obscure and involved subjects, relying on the hope that when the 
simple observable phenomena of the aesthetic, subjective and ob- 
jective, have been fully observed, studied and classified, as the 
naturalist deals with the phenomena of biology, the more obscure 
questions so often asked, may, in a great measure, solve themselves. 

But how shall we arrive at a definite and adequate idea of the 
nature and extent of the field covered by the aesthetic? We have 
seldom paused in our busy careers to dwell on a subject so obscure. 
Although exercising the faculty of taste upon all sorts of subjects 
from day to day throughout life the functions are so necessary and 
habitual that thdy are hardly more noticed than the facts that we 
breathe or see or think. We therefore totally fail to realize how 
much time and thought are given to aesthetic considerations and what 
a very large place they really fill in the thoughts and activities of 
the world. This would come home to us if by some sudden change 
in the constitution of things all that is aesthetic should be rudely 



Digitized by 



Google 



ADDRESS BT W. H. HOLMES. 241 

torn from us and banished from the world. The utter desolation 
of snch a situation is^ however, quite inconceivable until we are 
brought to fully realize the vast extent of the field occupied by the 
sesthetic* To make this clear, let us suppose that some dire disease 
should dull and destroy our perceptions of the beautiful. Imagi- 
nation can hardly picture the result. A world of useless and utterly 
nonsensical things would be found encumbering our existence, and 
these would necessarily be cast away. First, and perhaps most 
striking of all, the fine arts would fall into disuse. Painting, sculp- 
ture, architecture, poetry, music, romance, the drama, and landscape 
gardening, would disappear utterly, leaving blanks of inconceivable 
magnitude. No picture would grace the wall of gallery or dwelling. 
Temples and halls of history would be without statuary, and books 
would be without illustrations save of diagramaticor recording kinds. 
Architecture would degenerate into the merest house building, into 
the construction of boxes for dwelling and business and storage, 
without such features as unnecessary projections, mouldings, carv- 
ing, painting, frescoing, hangings, carpeting and other elements 
serving to give pleasure, other than of the purely creature kind. 
Churches would be but the plainest bams without archways, and 
columns, and steeples, and towers, and stained glass ; and the or- 
gan, and the choir, and the singing of songs, would be as though 
they had never been. All artists, sculptors, architects, poets, au- 
thors, composers, and dramatists, and all the multitude that depend 
upon them, decorators, engravers, carvers, musicians, actors, book 
makers, etc., manufacturers of all that pertain to the polite arts, 
and all merchants who deal in aesthetic things would turn to other 
callings ; and the ships and the railways that transport the products 
of aesthetic industry, silks, and rugs, and laces, and all ornamental 
goods, and furniture, and tiles, an'd paints, and dyes, and porce- 
lains, and brasses, and aesthetic things without end, would cease 
to plow the sea or girdle the land. The range of human livelihood 
would be reduced to a dangerous degree, and existence, a burden 
without art, would be overwhelmed with poverty and distress. 

And what would be the effect upon men and women and society? 
Extract from dress every element of designed beauty and from the 
person take away every ornament. Imagine the loss of every per-^ 
ception of delicacy of form and grace of movement, all apprecia- 
tion of proportion, and texture, and complexion of skin ; the most 
perfect woman would not be more attractive than the haggard du- 

▲. A. A. S. VOL. xu. 16 
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fected unit of society but involves its remotest ancestry', extending 
beyond the human boundaries to creatures and to organisms not 
yet freely and fully recognized as related to the human family. 

The creations of art are growths as are the products of nature, 
and are subject to the same inexorable laws of genesis and evolu- . 
tion. The great painting of to-day, gracing the wall of dwelling or 
gallery, had its prototype in the tattoo marks of some primeval man 
or in the scrawls that embellished his simple utensils. The master- 
piece of the sculptor's chisel, now occupying a niche in some temple 
or monumental structure was represented in ages past by the mis- 
shapen image of clay attached as a charm to his person or to some 
article of use. The great poem of to-day bound in vellum and bur- 
nished gold is but an elaboration of the weird story of the unlet- 
tered savage, and the sympliony that now casts its spell over the 
world was in that long ago the song of the savage who howled in 
imitation of the wind or the wild beast or kept time to his fantastic 
and never-ending dances. This relationship in genesis between 
the high and the low, the simple and the complex, implies a rela- 
tionship between the lowest and the highest expressions of the arts 
of taste existing side by side at any given period. All represent 
feelings, emotions, thoughts lifted above the plane of the essential, 
and expressed by energies not necessarily expended in the mere^ 
struggle for existence. We may therefore include in the scientific 
discussion of the subject the widest possible range of phenomena. 
The field is thus a vast one, and it is important in this brief sketch 
to settle upon. a method of procedure that will be extremely simple 
and at the same time give a comprehensive notion of the place of 
aesthetics in science and in human history. 

It is plain from the nature of the field as just outlined, that the 
question is one of evolution. The examination of the present phe- 
nomena is but a glance at the surface of a subject, the history of 
which is interwoven with the history of man from beginnings so 
small and times so remote that our sight grows dim in the attempt 
to trace them. Let us then endeavor first to place the aesthetic 
field with reference to the whole field of human life and achieve- 
ment. Let us begin with some simple unit of ttie subject as for 
example the history of the individual. Physically, man begins at 
zero and develops through the foetal stage to birth and thence to 
full maturity and the climax of vigor and power. Mentally, there y 
is a like advance from the initiatory step at birth to the prime of 
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life. At first the thread of thought is exceedingly slender, but 
little by little it is strengthened by experience and obsenration 
supplemented by instruction. In youth it grows strong and in 
maturity acquires enormous expansion. Now if we take any one of 
the departments of life depending upon the physical or mental con- 
stitution and capacities of man, the same initiatory and progressive 
stages will necessarily be observed. The Aesthetic idea first mani- 
fests itself in early childhood, at exactly what period no one can 
say, and advances with a rapidity varying with the conditions of 
existence to which the individual is subjected. The physical evo- 
lution of the individual may be illustrated by the space included 
between two diverging lines as in diagram A, Fig. 1. The mental 
evolution associated with it may be expressed by similar lines, B, 
representing narrow or wide expansion as the case may be. The 
opening of these lines at the right represents the fhll mentality — 
the whole range of feelings, emotions and thoughts at the prime of 
life. The aesthetic department of these mentalities will be in- 
cluded within the space allotted to mind, as indicated by the dotted 
lines. It begins later and cannot at any period occupy the whole 
space, but may occupy a large percentage of the mental range in 
highly cultured individuals or remain almost a simple line through- 
out life in the unlettered or sordid. 



J^^-na£i*Z. 




Fig. 1. Diagram nioBtraUng physical and mental eTolntl<m of the indiyidnal. 

A brief outline of the aesthetics of tlie individnal may be given. 

vThe child is powerless to express conceptions of an aesthetic kind 

before the acquirement of speech and before he is taught the terms 
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necessaty to expression, but there can be little doubt that the emo- 
tions of veiy young children partake of aesthetic qualities and that 
pleasure taken in a face, a bright object or a toy is closely akin to 
the pleasure derived by their elders from faces and pictures and 
poetic tiioughts. With respect to these things we can hardly 
assume to do more than to surmise thatoutof the plexus of apprecia- 
tions and likes of childhood, and the half-formed aesthetic concep- 
tions of youth come the more highly specialized mentations of 
maturity, resulting in special aesthetic pursuits and in the produc- 
tion of various super-utilitarian works of art. 

If we accept the theory that play — the aimless activities of child- 
hood — is a form of the aesthetic, then the diagram of individual 
aesthetic progress will need to be changed ; for the play of youth 
is more absorbing and all-prevading than the aesthetic activities of 
manhood. Although the relation of play to aesthetic art pointed 
out by Schiller and elaborated by Spencer certainly exists, and 
therefore deserves careful consideration, it is apparent that many 
of our aesthetic perceptions pass back naturally and completely 
into the sensual pleasures and gratifications of past ages, into the 
loving consideration of things pleasurable and constantly enjoyable 
throughout long periods of development. 

But passing over these and many other (loints of great interest 
let us turn from the aesthetic history of the individual to that of 
the nation, hoping thus to arrive at some conception of that of the 
race. The evolution of a nation physically and mentally may be 
expressed by the same expanding lines as with the individual. The 
highest aesthetic stage of a nation is reached through a long series 
of lower stages beginning at the initial point and advancing with 
a movement more or less gradual as the conditions of existence 
favor or interfere with the normal progressive tendencies. In 
studying the individual we may resort to the combining of obser- 
vations upon several individuals at different stages of development, 
one serving to teach us of youth, another of maturity and another 
of old age. The periods of nations are longer and the composite 
method of study becomes thus a measure of necessity. There is 
every reason for believing that the expanding lines express cor- 
rectly the physical and mental growth of nations as fully as they 
do that of individuals, so that I will not dwell upon the matter 
further than to show that in a measure the composite study of na- 
tional histories brings out the history of the race. 
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Here is a nation, a European one we will say, standing at ibe 
verj- top of the scale of culture, whose history is known for a 
thousand years. When first known to the historian this nation 
was in a barbarous stage and the records show a gradual advance 
to its present state. The diagram of its progress would be ex- 
pressed as in A, Fig. 2. 

Here is another nation, say an Asiatic one, now passing the 
confines of barbarism and entering the realm of civilization. Its his- 
tory is known for a thousand years as diagramed in B. Still an- 
other nation has, in the short period of its recorded history, passed 
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Fia. 2. Diagram illoBtratiag national and race colture evolution. 

from the savage into the barbarous period, and diagram C ex- 
presses its observed development. Take again the most primi- 
tive people known to science and its diagram is confined to the 
earliest-known stages of savagery, as in D. This series represents 
all that is known of the history of man, and the diagrams combined 
as in £ express connectedly this history and at the same time 
record the known history of the race, F. 

Now the various activities of man fall within the limitations of 
this scheme. Singling out the aesthetic we see, as indicated by 
the dotted lines, that it has developed as have the rest from small 
beginnings and that we can take up the threads of evolution at the 
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base of the ladder and follow them up through their development 
and differentiation to the highest points reached ; or that, reversing 
this order, we may begin with the fully-developed phenomena of to« 
day, represented b}' the fine arts, and pass back step by step through 
the ages to the lowest-observed savage state. We find, however, 
yhen we examine the stage of progress represented by our lowest 
tribes, that we are not yet at the true base of the ladder, tliat the 
beginning of things is still far beyond. There must have been a 
pre-savage state of society and we are compelled to prolong the 
converging lines of the diagram indefinitely and to conclude that 
the pre-savage- state was in the beginning a pre-human state. It 
is within these initial stages of progress that we must look for the 
roots, the inceptive stages of the great groups of phenomena per- 
taining to advanced humanity. Our notions of these initial stages 
must be derived from inferences as to the natural order of things 
and from analogies furnished by the living lower order of creatures. 
It is conceded by most biologists that traces of appreciation, bor- 
dering closely on what we designate the sesthetic, are observed in 
many species of animals, and pre-human man, furnished with all the 
senses with which we are endowed, must have had keen impressions 
of pleasure of like quality through the exercise of sight and hear- 
ing and smell and taste and touch. In this period the foundations 
must have been laid for all the higher subjective phenomena of to- 
day ; and even the shaping arts, afterwards the stems upon which 
the aesthetic vine grew and developed, had liere their remotest be- 
ginnings. We cannot permit it to be assumed that the pi*e-human 
man was inferior at all stages of his existence to the birds and ants, 
the squirrels and the ^apes, who construct dwellings and invent 
devices to secure food and to escape danger. If it be allowed that 
the bower bird bedecks her dwelling with bright objects from an 
appreciation of their decorative effect, it may be fairly assumed 
that other creatures may have developed like tastes in low stages of 
intellectual development. At any rate it seems highly probable 
that when the mile-post of progress, separating the pre-human from 
the human stages, x x' of the diagram, was reached by the race, 
many strands of sesthetic thought were already spun. They were 
as yet no doubt exceedingly attenuated and completely involved 
with other purely practical tlireads of progress from which, long 
afterwards, they were destined to be differentiated and divorced. 
At the baseof our historical ladder we encounter the most primi- 
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tive human culture known, the most lowly races coming within 
the range of modern observation ; but we find that these lowly 
savages are already far advanced upon the highway of culture and 
are exercising taste upon a multitude of subjects. So fully have 
the threads of the aesthetic enlarged and differentiated that we re- 
cognize the separate strands of painting, sculpture, music, and 
poetry. We may well pause in astonishment when we first come 
to observe this fact and to realize the brevity of the period, the 
shortness of the step, that separates our culture of to-day from that 
of the lowest tribes of which we have knowledge, and recognize the 
vastness of that period of culture progress that precedes the sav- 
age state extending indefinitely beyond our ken. Prolong therefore 
the initial periods of existence and trace the threads of culture 
back and still back into the unknown. 

The student of evolution has the privilege of observing two 
great periods of progress and development in sentient creatures, 
one beginning with the lowest living forms and ending with the 
highest apes, say at t in the diagram, the interspace being filled 
to a greater or less degree by very numerous creatures of varying 
grades of capacities and acquirements ; the other beginning with 
the lowest known human being, say at z, and ending with the high- 
est type of man. Between these two great groups there is an 
enormous gap, t to z, across which the human race alone, so far 
as we know, has passed, and the history of that passing is only to 
be inferred from what we know of what went before and what fol- 
lowed and from such meager and unsatisfactory evidence as geol- 
ogy furnishes to the archseologist. Within this unobserved period, 
one step of progress was made that, according to many thinkers, 
is the most important step known to the science of man. That 
step was across the so-called chasm that separates man from beast, 
that separates the realm of instinct from the realm of reason, the 
age of nature from the age of art (x x') . All that was done an- 
terior to that step was the work of nature ; all that was done after 
that step is attributed to art. This distinction is no doubt an im- 
portant one, but its employment is open to the objection that there 
can really be no line of demarkation separating the phenomena of 
one stage of evolution from those of another and there is danger 
of the change being thought of as a definite and comparatively re- 
stricted episode, as marking a complete ending of one phase of ex- 
istence, and as being a datum point from which to begin the study 
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of the succeeding phase. The fact is that the change from the do- 
main of instinct to that of reason, fi*om unconscious to conscious 
activity is a most gradual one, covering a long period of evolution, 
and it may be safely maintained that our race is not yet fdlly above 
the mere animal stage of art, for men still execute much that goes 
to make up art and especially aesthetic art, with a spontaneity 
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Fig. 8. Diagram giving tentative order of astbetlc gronps. 

resembling closely that of the instinctive period. The period of 
transition from the instinctive to the purely intellectual status of 
human mentations and activities may therefore be indicated in the 
diagram as beginning at x x' and continuing to the present time. 
On crossing the frontier line the first steps taken in conscious art 
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would be ill-defined and restricted to the narrowest bonnds. As 
age after age passed new groups of art would come into existence 
and present conditions would finally be reached. The first step in 
aesthetic art might not be taken until long after the passage of the 
line separating unconscious from conscious art ; but as in useful art 
the aesthetic groups would follow each other in a slowly moving 
procession covering the whole range of periods down to the pres- 
ent. These features of aesthetic growth are indicated in the dia- 
gram, Fig. 3. 

There appears for my present purpose no more effective way of 
conveying a notion of the course followed by aesthetic develop- 
ment from the earliest to the latest stages of human history than 
that of taking up and considering separately the several branches 
of aesthetic art. Tbe order in which they should be considered is 
not fully determined. That order should agree if possible with the 
order of their genesis, since they are in a measure interdependent 
and arise by differentiation, but this order is as yet somewhat a 
matter of conjecture. It would seem that since man's progress 
has been marked by a succession of social conditions and that the 
arts are deeply concerned in the evolution of these conditions, that 
they should be placed in an order based upon their relations with 
social conditions. The social group begins in the lowest state with 
the individual or includes the man and his family and extends 
finally in civilization to include large portions of the human family. 
The earliest arts would be the most completely egotistic, that is to 
say those most nearly concerned with the individual, and more es- 
pecially with the person of the individual. First, among these 
would be painting. The latest arts would be those arising from ad- 
vanced social conditions, as romance and landscape gardening. 
Tentatively, therefore, I will place the commonly recognized aes- 
thetic arts in the fallowing order: painting, sculpture, architecture, 
music, poetry,the drama, romance and landscape gardening. 

In the pre-human and early savage ages, color must have been an 
important element of man's environment and the color sense wi^ 
probably developed at an early day with all creatures gifted with 
sight. Darwin points out the extraordinary changes in color 
brought about in the hair and 6k ins of animals and in the plumage 
of birds apparently by desires to attract, and as a means of at- 
tracting the opposite sex. In perceiving and distinguishing things 
in nature, the recognition of which was important to the preserva- 



Digitized by 



Google 



ADDRESS BT W. H. HOLMES. 251 

lion of life, the color sense was of tbe greatest consequence, and 
I am inclined to believe that the earliest efforts made by man to 
modify anything, to create anything not intended to serve directly 
the ordinary purposes of life, would be in the direction of mailing, 
by means of color, changes in personal appearance to effect men, 
women or animals by attracting, repelling, or deceiving them. If 
first employed to attract the opposite sex, as may readil}' have been 
the case, then these initial steps were in the direct line of the 
esthetic, serving to effect pleasurably the emotions of men. Among 
the lower tribes there are no more universal arts than those of 
painting and tattooing the skin and these are always associated 
with the appending of ornaments and with a great variety of per- 
sonal mutilations, all closely akin to painting in effect, and all in 
the main intended to increase attractiveness. 

The term painting includes a very wide range of art phenomena. 
As ordinarily employed it refers to the various forms of expression* 
in color in which the brush is the means of execution, but as an 
aesthetic species it includes all expression by means of color, whether 
in outline, in solid color, in stains and d^'es, in weaving and in mo- 
saic, no matter whether executed by means of brushes, dyes, com- 
bination of parts, or by means of chemical processes. I prefer to 
present this art first for the reason that, as already indicated, it 
appears to be more closely associated with the person of man in the 
initial stages of culture than any other of the arts expressive of 
aesthetic notions. 

Personal embellishment was so much a part of the life of the 
savage that the practice of applying decorations would readily be 
transferred from the person to objects and articles of use near the 
person, as to his utensils, weapons and dwellings. These were col- 
ored to match his personal colors, or were marked in imitation of 
his tattoo marks ; they were beautified to heighten his own claims 
to attractiveness. Graphic materials were everywhere obtainable, 
blood, juices of plants and fruits, charcoal, ochres, and colored clays 
needed hardly to be sought. The fingers were the first brush, and 
the human skin the first canvas. These practices undoubtedly long 
preceded the pictographic stages of painting and constituted the 
earliest objective phenomena of the graphic arts. Colorations and 
markings of the skin were not necessarily graphic in the sense that 
pictures are graphic but they may still have been representative of 
creatures or things and hence significant or symbolic. Picture mak- 
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ing would imply very coDsiderable art ability and a comparatively 
high social condition, and pictography and mythologic painting ai^ 
far removed ft'om the base of the aesthetic ladder. Pictography 
needed to do no more in the way of delineation than to make itself 
understood, and its presentations no sooner became intelligible 
by virtue of their truth to nature than they began to depart again 
from truth and under a number of conventionalizing agencies, to 
assume formal or simplified shapes which became hieroglyphics and 
letters retaining a minimum of aesthetic qualities and possibilities. 

In all his arts man sought the assistance of the personified creat- 
ures of mythology, and delineations of the gods were applied to 
his person, to utensils, implements, weapons, and dwellings. These 
delineations were subjected to strong conventionalizing influences 
and assumed forms imposed by the arts in which they were em- 
ployed. Thus in pottery the delineations were limited to the small 
and often narrow spaces of the vessel. In the naiTow spaces the 
forms descended to complete formality, uniting with the plain geo- 
metric figures otherwise derived. In the wider spaces they were 
considerably elaborated, depicting in bright colors and with much 
vigor, personages and scenes derived from mythology. Greek cer- 
amics afford a fine example of this class of work, and the Japanese 
art of to-day illustrates the widest scope of painting within the 
limits of this art. 

From painting upon the human skin, on robes and bark, the tex- 
tile art acquired a heritage of delineation which took remarkable 
forms of convention due to the geometric combinations of the web 
and woof. By the use of dyes, rich and varied effects of color were 
obtained, and embroidery and tapestry produced magnificent re- 
sults, the subjects being derived at first from mythology, and later 
among cultured nations, from history, romance and real life. 

House building developing into architecture adopted the paintei-'s 
art and sheltered, encouraged and developed it, not only making 
the existence of ceramics and woven fabrics possible, but offering 
the choice spaces upon its walls, and columns, and cornices, and 
ceilings to the brush of the painter. In the decoration of temples, 
cathedrals and palaces, painting had its greatest opportunity and 
has freed itself from the fetters of utilitarian art, achieving approx- 
imately the goal of purely aesthetic or ideal art. ' 

It is thus seen that several of the arts, useful and aesthetic, have 
nurtured and developed threads of the painter's art. These threads 
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contributed each its share to the total result ; rising out of their 
various genetic channels, they have combined to make up the aes- 
thetic species painting. A much simplified diagram illustrating 
the inception of this aesthetic group and its progress upward through 
the ages is placed at the base of the series given in fig. 3. The 
aesthetic portion of the art of painting ia exceptionally large, cov- 
ering indeed nearly the entire field and its inception reaches back 
very far toward the art frontier or limit, x x'. 

Next to painting I place sculpture^ the arrangement being only 
tentative, however, and subject to change as evidence accrues to 
warrant it. In its initial stages this art group is closely associated 
with painting and later is much involved with architecture. The 
latter association has been kept up to a large extent throughout 
its history. With the first use of an implement by the creature 
man entering gradually upon the human stage, sculpture was brought 
into the circle of the arts. Man cannot use any utensil, implement, 
or weapon without subjecting it in its use to sculptural action, and 
these changes of form in use must in time have suggested and led 
to intentional changes, to shaping by abrasion, beating, scraping, 
cutting and grinding, and these are all acts of sculpture. As an 
aesthetic art, sculpture probably followed painting somewhat close- 
ly through the use of articles appended to the person for purposes 
of embellishment, these articles being subjected to modification of 
sculptural kind to increase their beauty or convenience of use. 
When man advanced to the stage in which he symbolized men, ani- 
mals and the unknown powers of nature and selected representa- 
tives of these after the nature of fetiches and charms, there opened 
a new field for the shaping art and mythology came very largely 
to furnish the subjects for this art. 

Sculpture includes a wide range of phenomena taking a leading 
place in architecture, in ceramics and in many branches of indus- 
try employing decorative variations of solid materials. It must 
indeed even go beyond solid materials, so as to cover all of those 
art forms included under the term draping, as in costume and house 
furnishing, unless that department of the phenomena of taste be 
allowed to occupy an independent, coordinate place among the aes- 
thetic arts. Its root must run far back into the pre-human period. 
As an art it may be assumed to begin in the earliest savagery and 
as an aesthetic art only a little farther on. 

Architecture is made to follow sculpture, not that it is necessarily 
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from savagery to enlightenment we see that each succeeding period 
has a larger share of art and a correspondingly larger share of the 
aesthetic, each stage being pr<>phetic of the succeeding stage. It 
will be observed .that the last stage — that upon which the foremost 
nations of the world are now entering — ^the enlightened— is also 
necessarily prophetic of a still more advanced stage ; and by adding 
to the number of aesthetic groups those yet to be conceived and 
prolonging the expanding lines of each group indefinitely, we are 
led to comprehend the true relations of the striking present to the 
marvelous future and to form some notion of the magnificent sum 
total of the aesthetic that future generations will be privileged to 
enjoy. 
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PkOPOSBD classification and INTKRNATIONAL KOMRNGLATURE OF THB 

ANTHROPOLOGIC 8CIRNCK8. By Dr. D. G. BriNton, Media, Pa. 
Thb aathor proposes the foHowiDg classification and nomenclature of 
the uithropologlc sciences :•» 

ANTHROPOLOGY. 

1 BOMATOIiOGY.— Physical and Experimental Anthropology. 
H. BTHNOIiOOT.— Historic and Analytic Anthropology. 
m. BTHNOOBAPHY.— Geographic and Descriptive Anthropology. 
IV. ABOH2EBOIiOOT.— Prehistoric and Reconstractlve Anthropology. 

I. SOBfATOLOQY. 

1. Internal Somatology:— Osteology, cranlology, prosopology, my* 
ology, splanchnology. 

2. External Somatologsr:— Anthropometry, color, hair, canons of 
proportion, physical beauty. 

3. Psyohology:— Experimental and practical, sensation, rates of ner« 
vous Impulse, brain and nerve action. 

4. Developmental and Comparative Somatology-- Embry- 
ology, heredity', teratology, human biology, evolution, anatomy of anthro- 
poids, ethnic anatomy and physiology, comparative nosology and medical 
geography, fertility and sterility, rHclal pathology, criminal anthropology, 
vital statistics, anatomical classification of races. 

II. ETHNOLOGY. 

1. Sociology: — Systems of government and the social contract, laws 
and ethical standards, the marriage relations and rules of consanguinity 
and descent, social classes and institutions. International relations (war^ 
commerce and colonization). 

2. Technology: — The Utilitarian Arts, as tool -making, ceramics, 
architecture, agriculture, means of transportation, clothing, weights and 
measures, media of exchange; the Esthetic Arts-^niuslc, drawing, paint* 
ing, sculpture, decoration, games, cookery, perfumery. 

3. Beligion: — Psychological origin and development; personal, family, 
tribal and world religions; animism, fetlchlsm, polytheism, monotheism, 
atheism ; mythology and my thogeny ; symbolism and religious art ; sacred 
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places and objects; rites, ceremonies and mortoary customs; religions 
teachers, classes, and doctrines; theocracies; analyses of special relig- 
ions; philosophy and nataral history of religions. 

4. Iiingniistios: —Gesture and sign language ; spoken language, parts of 
speech, Ioj>;ic of grammar, origin, growth, and classification of languages, 
relation to ethnography ; written language, pictographic, symbolic, ideo- 
graphic, and phonetic writing, evolution of alphabets, phonetic systems; 
forms of expression, poetic (metrical, rhythmical), dramatic, prosaic. 

6. Folk-lore:— Traditional customs and narratives, folk-sayings, sa- 
perstltious beliefs and practices. 

III. ETHNOGBAFHY. 

1 . General Ethnography:— Origin, characteristics, and sabdivisions 
of races and peoples. The ^'geographical provinces" or "areas of charac- 
terization." Authropo-geography. Lines of migrations and national in- 
tercourse. 

2. Special Ethnogpraphy:— The EarafMcan or White race (North 
Mediterranean and South Mediterranean branches), the AustafVlcan or 
Black race, the Asian race (Sinitic and Sibiric branches), the American 
race, Insular and Littoral peoples (Nigrilic, Malayic, and Australic stocks). 

IV. ABCH2BOLOGY. 

1. General Archeology: —Geology of the epoch of man. Glacial phe- 
nomena. Diluvial and alluvial deposits. Physical geography of the qua- 
ternary. Prehistoric botany and zo61ogy. Prehistoric Ages. — ^The Age of 
Stone (paheolithic period, neolithic period) ; the Age of Bronze ; the Age 
of Iron ; prehistoric commerce ; palethnology ; proto-hlstoric epoch. 

2. Special ArohSBOlogy:— Egyptian, Assyrian, Pheniciau, CUisslcal, 
Medieval and American Archseology. 

The urgent need of a uniform classification and nomenclature for the 
various sciences connected with the study of man must be apparent to all 
who are familiar with the current literature of anthropology. 

The plan proposed above is based upon the works and suggestions of 
well-known English, French, German, Italian and American writers. 
Tlie proposer claims no other credit than that of selection. He offers no 
neologisms. The leading terms, those printed in black type and capitals, 
are substantially the same in all the languages named ; they are already 
domesticated in the anthropological writings of every country ; and all 
•that id needed is a general agreement as to their connotation. 



TUBAYAN LEGENDS OF THE SNAKE AND FLUTE PEOPLE. By MaTILDA CoXK 

Stkyenson, Bureau of Ethnology, Washington, D. C. 
Mt present subject was suggested by the very interesting article of 
Doctor Eewkes on the flute ceremonial at Shu-pow-o-la-vi one of the 
Tusayan pueblos. (A Journal of American Ethnology and Archeology). 
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I was neyer so fortunate as to be at Tusayan at the time of the snake 
ceremonial, a celebration which equals the most incredible representations 
of the snake charmers of the Orient. The matter published in 1885 on 
the Moqnl snake dance was gathered from Messrs. Keam and Hnbbell of 
that conntiy, and several members of the snake society. Having thus 
called some of the frnlt, I sought the tree which bore the fruit. I was 
so fortunate as to discover the tree in the two legends given below as 
nearly as possible in the words of the theurgists of the snake and flute 
societies. 

THE SNAKE DRAMA. 

The weird and curious snake drama will be described only so far as to 
make clear the character of the organization whose duty it is to furnish 
actors for this remarkable histrionic performance. 

The following account, which is presented as an introduction to the leg- 
ends was given hurriedly at odd times by a member of the snake order 
now residing in Znfii. My familiarity with the secret cult-societies of the 
Pueblo Indians enables me to see that the statement in general is correct, 
though in detail it may be subject to criticism. My rule Is never to regard 
such material of real value until it has been verified from the tongue of 
more than one intelligent Indian, no religious or social secret being held 
by any one man. 

The snake society is a cult organization admitting both males and fe- 
males, regardless of clans ; the officers of the society, however, must be 
of certain clans, including those of the snake and the antelope, as will ap- 
pear further on in the legends. The society has three divisions or orders : 
(1) the O'wi-yu-to-ti-ni, medicine; (2) Chur-wim-tka, rattlesnake; and 
L6-lur-kang-a, a snake of a yellowish color, spotted with black. The 
following description relates entirely to the rattlesnake division or order. 

A woman chosen from the order looks after the cooking of the ** root 
medicine" ; she has an assistant whom she instructs with a view to filling 
her place upon her death. The Ch&-a-ka-miing-wi (maker of medicine 
water) powders and prepares this root medicine, when the woman takes 
it in charge and bolls it in the klva, or assembly chamber. This medicine 
is an emetic, and is drunk morning and evening the first four days of the 
ceremony, for mental and physical purification. The root held in the mouth 
while one expectorates over himself to prevent the anger of the snakes 
is quite different. When one is bitten by a snake this root is chewed by 
the theurgist, who, after sucking the wound four times, expectorates upon 
the lesion four times while the root is in his mouth ; a wad of raw cotton 
is then bound upon the wound. 

The Tusayan hold the same superstition as the Zufii, that one suffering 
from a snake bite must not look upon a woman furnishing nourishment to 
an infant. 

After the morning meal, the first day of the ceremonial, the male mem- 
bers go to the north to gather snakes ; on the second morning they go to the 
west, the third to the south, the fourth to the east; and on the fifth and 
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sixth mornings they look abont generally for the zenith and nadir. The 
snakes are deposited in four vases which stand in line at the western end 
of the room, and on the northern side. 

On the fifth morning a sand painting is made on the floor of the kira, 
and fetiches of the cougar and bear, so conspicuous in the snake legend, 
are deposited by it. The male novitiates sit in line north of the painting. 
The men of the society sit on the southern side of the kivaand the women 
on the northern side. The snakes are deposited on the painting, where 
they are frequently sprinkled with meal. They are kept there by the no- 
vitiates who are busy with wands composed of two eagle plumes attached 
to a slender stick held in the right hand. The Indians declare that the 
eagle possesses the power of charming the snake by flying about him and 
gently caressing him wiih his wings, and these children of nature have 
adopted the eaglets plan, using the wand. 

I'he male novitiate has the snake placed in his mouth by his chosen 
father who has first held it in his mouth and danced while an attendant 
caressed the serpent with the eagle plumes ; before the snake is put into 
the novitiate's mouth the chosen father grasps it with both hands, the span 
of the tip of the middle finger to the tip of the thumb from the head, and, 
moving it before the face of the novitiate, prays, while the novitiate inhales, 
taking in a br«*ath from the snake. After the snake is put into his mouth 
the novitiate dances while the attendant waves the plumes over the snake. 
With a female novitiate the snake is only waved before her mouth (the 
women of the order never handle the snakes) ; and a similar ceremony is 
observed with both sexes when entering the L6-lur-kang-a. Many men 
and women belong to more than one of these divisions, yet it is only those 
holding membership in the rattlesnake order who participate in the snake 
.drama. It Is the ambition of the men to join the rattlesnake division, 
not only to prove their skill in handling the snakes, but because the people 
•of this order are considered the greatest jugglers in the Province of 
Tusayan. 

At sunset the snakes are removed from the sand painting and returned 
to the vases. In the morning a fresh painting is made and the snakes 
deposited upon it. This is repeated four days in succession. 

After the out-of-door ceremony in which each dancer has an attendant 
whose duty it is to control, with a feather wand, the one or more snakes 
held in the dancer's mouth, an all-night ceremonial occurs in the kiva, 
principally for the final initiation of the novitiates, when their power of 
endurance is taxed to the extreme. 

At sunrise the novitiates form in line in the kiva facing eastward, when 
the head of each Is bathed in yucca suds by the wife of the chosen father, 
and a pair of moccasins, some calico, and four plume ofl'erings are pre- 
sented to him by the father. These plumes are afterwards oflbred by the 
novitiates to the rattlesnake. 

I have given but the faintest glimpse of a most elaborate ceremonial of 
Initiation into the snake order. The medicine order is usually the first 
joined. When one has been cured by the theurgist, either the patient or 
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brings yon here? Yon are near a yery bad people. Come into my house and 
I -will talk -with you." It mnst be remembered that the little old grand- 
mother could not be seen, but she was all the time close to the youth's ear. 
After entering her house he said to her, ** 1 am not afraid and I would 
like to go and see the people of whom you speak." The spider woman 
said, **I must first give you medicine which you will take into your mouth 
and eject upon the b»d people and they will at once become friendly." And 
he Tisited these people accompanied by the grandmother who traveled 
close to his ear. He had to pass four sentinels, equidistant from one 
another. Each sentinel was a huge serpent who held his head erect and 
hissed at the youth as he approached, but upon spitting the medicine upon 
him he became docile and allowed the youth to pass. The road led into a 
rocky cavern of great beauty and upon entering the first kiva in this cav- 
ern he saw many youths and maidens. The youths wore only breech cloths 
which were white. The maidens were clad in pure white blankets and 
they wore earrings and necklaces of turkis and kohaqus. The youths were 
on one side of the kiva and the maidens on the other, and the m^gwi or 
director was passing between the two, distributing plume wands; he had 
a bald head, as bare as the rest of the body. When the youtli entered the 
kiva the m^ingwi exclaimed, ** Who are you that you dare come to my 
house?" The youth told him where he lived and how, desiring to see the 
world, he had made him a boat and floated down the great river. ''Tou 
are surely brave to venture here. Come, I will take you to the house of 
my brother." And he led him into an adjoining kiva, where many youths 
and beautiful maidens were dressed like those in the first kiva. The m&ng- 
wi of the first kiva told the story of the stranger to the miingwi of the 
second kiva who welcomed the youth, telling him he was a noble fellow 
with a brave heart to come so far to a strange land. The m4ngwl of the 
first kiva was the director of the snake people, and the mdngwi of the 
second kiva, the director of the antelope people. The director of the an- 
telope people said to the youth, '*Do you not wish one of my beautiful 
maidens for a wife?" The spider woman who all the while traveled close 
to the youth's ear, whispered, *' Walt ; wait awhile." And the youth with- 
out replying bade farewell to the m4ngwi saying in a little while he would 
return. 

Again the youth went to the house of the spider woman, and she said to 
him, **I will now lead you to the house of the sun ; the mother of the sun 
lives under the great .waters." And when they had reached the shore the 
youth separated the waters with his large wand, making a dry road be- 
tween the waters, over which he passed to the house of the mother of the 
sun. This house was very beautiful and here he saw all the plume offerings 
of his people, those of the good of heart were on one side of the house and 
those of the bad of heart on the other side. He was welcomed by the mother 
of the sun who told him in a little while the sun would return. Presently 
the youth was startled by a great noise caused by the sun returning through 
the waters to his home. The descent was through a huge reed ; putting a 
foot on either side of the reed he descended head foremost. The spider 
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"woman whispered to the youth, **We will go with the sun to his father's 
honse in the east/' the mother's house being in the west ; and they in com- 
pany with the snn passed under the earth and visited the father's house in 
the east, and from the father's house they ascended through the reed that 
penetrates the eastern waters and passed over the world. On this journey 
the youth saw all his people in Caiion de Chelly and could read their hearts, 
and he knew the good of heart from the bad of heart, and he returned with 
the sun to the mother's house and saw the sun deposit the plumes he had 
gathered while passing over the world, placing the plumes deposited by 
the good of heart on the one side and those by the bad of heart on the other. 

Returning to the earth the youth again visited the cavern of the snake and 
antelope peoples. The spider woman continued to remain close to his ear. 
Upon entering the kiva of the snake people the m^ingwi asked him if he did 
not want one of his beautiful daughters for a wife. He had two daughters. 
The spider woman whispered to him to take both, so he said to the muDg- 
wi, *'I wish for both of your daughters as wives ;" and the m^ingwi an- 
swered, **It is well, they are yours." The youth accompanied by the two 
maidens bade farewell to the snake and antelope peoples and was led by 
the spider woman to her house. On reaching home she said to the youth, 
"Here you and the maidens will renvitn four days. The maidens will be 
my cooks and I will teach them all that I know." Then she directed the 
youth to gather young cottonwoods and build a house for the maidens to 
live in during their stay with her. After the fourth day the youth, in 
company with the maidens, started for his home. He was accompanied 
on his Journey not only by the spider woman but by the cougar and bear 
who acted as his warriors or protectors; but they, like the spider woman, 
could not be seen. The spider woman led the way, and upon reaching the 
caiion she said to the youth, *'You cannot climb down; the road Is too 
steep ; prepare a box of cottonwood and you and the maidens get into It 
and I will let you down with a rope of cotton which I will draw from my 
own body." And In this way they were safely landed In the caiion of his 
fathers and he hastened to his home where he was received amid great 
rejoicing of all the people. The maidens were welcomed by the father of 
the youth who said to them, **Four days you will remain apart flrom my 
son and grind meal and make bread." On the morning of the fifth day 
the mother and sisters of the youth bathed the two maidens In suds of 
yucca, after which they for the first time were seen by the Ho-pl-tft. 

The eighth day and night after the return of the youth was consumed 
in smoking and talking with his father. The father talked to the youth 
and the youth gave his father an account of his journey down the river 
and the strange people he visited. All day and night they talked, and the 
father said, "My son, at sunrise you will go and tell all the people of the 
Tillage that In sixteen days we will have a great feast to the snake and an- 
telope peoples. Tell the men, women and children that In eight days from 
this time they must run to the north, to the west, to the south and to the 
east. 

The same day that the men and women ran, the two maidens and the 
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youth and his brother entered klvas. The yonth accompanied one of the 
maidens to the kiva dedicated to the ant«'lope people, and the brother ac- 
companied the other maiden to the kiva dedicated to the snake people. 
These couples remained alone in the kivas three days. The maidens 
taught their companions the antelope and snake songs. The third night 
the cougar and the bear descended into the antelope kiva. The next morn- 
ing the cougar invited the antelope people to come to the ceremonial and 
the bear invited the snake people. The snake people came in showers. 
There were four delicate showers, each shower bringing the people. These 
showers were, however, invisible to the Ho-pi-tii. Certain of the Ho-pi-t& 
were also invited. The youth did not invite all of his people, only those 
of the good of heart ; he having in his travels with the sun, been able to 
know the good of heart from the bad of heart. The morning after their 
arrival the antelope and snake peoples began, at sunrise, to sing ; and they 
sang for three days. The seventh morning the brother In the snake kiva 
accompanied by the Ho-pi-tii In that iuva spent the day with the people in the 
antelope kiva. The same day a man from the antelope kiva and one from 
the snake kiva, both of the com clan, were selected by the youth and his 
brother to gather green cornstalks which were h^d in the mouths of the 
Ho-pi-tii when they danced on the eighth morning in the plaza. Upon the 
return of the youth and his people to the snake kiva in the evening they 
were horrified to find that the snake people had been transformed into 
snakes. The spider woman whispered in the ear of the youth, **Do not 
be afraid, I will give you medicine wliich will make the snakes friendly ; 
to yon alone I will intrust the secret of this medicine, and to the maiden 
the care of cooking it You will take it into your month and spit it upon 
the snakes. I will also give you a medicine of which you will drink much 
and should you be bitten by an angry snake you will not suffer because 
your heart will be pure."* 

At midnight, the youth and his brother directed the Ho-pi-t& in the two 
kivas to go out and plant plume offerings, saying. **Tou of theant^ope 
kiva and you of the snake kiva must plant your plumes apart, but your 
prayers said over the plumes will meet as in one straight tongue." The 
following morning the bear went from the antelope kiva to the snake kiva 
and holding each snake the length of the tip of the middle finger to the 
tip of the thumb from the head bathed it in yucca suds and rubbed it with 
sacred meal and deposited it in a large vase. The same morning the youth 
of the antelope kiva selected two young men, good of heart, and directed 
them to cut young cottonwoods and build a house for the snakes, instruct- 
ing them how it sliould be built. Upon its completion the snakes were 
deposited in the house ; the remainder of the day was consumed in out 
door dancing, the cornstalks being held in the mouth. After the plant- 
ing of the plumes by the Ho-pi-tii neither food nor drink was taken until 
after the dance. At the close of the dance the medicine of the spider 

>Thi8 has reference to the decoction taken in the morning and evening which accord- 
ing to Uie Ho-pl-tu belief ao thoroughly piirifles the man mentally and physically that 
he is, for the time being, imperTlous to ewlL 
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woman was freely drunk which induced vomiting, after which a feast was 
indulged in. When the dancing ceased, the spider woman whispered to 
the brother, ''Catch the maiden who was transformed into a snake (the 
sister who was in the antelope kiva escaped this transformation), and 
carry her back to the kira ; but the other snakes mast be deposited to the 
north, the west, the south, and the east so tliat they may return to their 
homes." This was the natal festlyal of the snake society of the Ho-pi-tii. 
The brother had no sooner placed the snake in the klva than it was again 
metamorphosed into the beautiful maiden. The youth with the two maid- 
ens returned to his father's house and they became his wives and he was 
enamored of them. In four days the maidens had every appearance of 
approaching pnrturition. On the eighth day after their marriage the 
maidens deposited many eggs which they covered with mounds of sand, 
and in four days tiny snakes were hatched. All the children of the vil- 
lage were delighted with the little snakes and played with them ; but in 
four days the snakes grew to be very large and became angry and bit the 
children, and all the children bitten died. Every four days new snakes 
were hatched and these grew Uke the others to be large and angry in four 
days. Finally the youth's father said to him, ''Your children are no good. 
I am in despair for all of our little ones have been destroyed by your chil- 
dren. All of my people's hearts arc sad. Where shall I go with my peo- 
ple to avoid your destroying children?" And he called two chapparal 
cocks to him and said, "Go hunt a good road where we will have water. 
I wish to leave these people and seek another country." The birds trav- 
eled apart and on their return they told their story and a road was selected. 
The high shaman traveled only as far as the birds had gone, they having 
taken different routes and meeting at a certain point. Again the birds 
were dispatched to find a good road, and in this way the shaman traveled 
until he reached the present country of the Tusayan. He camped at the 
base of the mesa upon which stands the present village of W&lpi. When 
some distance from this point the shaman, discovering a man at the foot 
of the mesa, said to his people, "Get your arrows ready ; I will go ahead 
and see who this man is ;" and he advanced to meet the stranger who was 
approaching. When a ditch only separated them the stranger, who was a 
giant, exclaimed, "You are a brave man to come here; I thoaght you would 
be afraid ; we will have a smoke ;" and he drew a huge pipe from his belt. 
The shaman smoked the pipe, and the giant said, "You are surely a good 
man; you have smoked the pipeful of tobacco; I will give you more;" and 
the shaman smoked four pipes of tobacco. Then the giant said, "I am 
mnch pleased that you are not afraid. I will give you land for your people, 
and you will make this your home." 

This legend furnishes the plot for the snake drama which occurs bien- 
nially at Tusayan. 

ORIGIN OF THE FLUTE CEREMONIAL. 

L6-lang-fth was the original director of the flute people. The music of 
his flute drives away the winter, and brings the summer rains. He had 
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p6nal was again placed with the tfponl in front of it and songs were sung 
to the music of the flute and the rattle that they might be informed what 
route to take to find a good country. The p6fiai fell in the direction the 
people were to go. Instead of proceeding they were directed back to 
the village last vacated. They remained at this village one year after 
their return, when the p6ilai was again erected and the tlponi placed in 
front of it that they might be directed to a good country. They followed 
the course indicated by the p6!lai and the tlponi and reached a point some 
six miles from the present pueblo of Wal-pi. Here they built the village 
Quash- ta-pa. In the distance a bright light was visible, it burned con- 
tinually in the day and in the night. L61angiih said *'I would like to know 
what people live there," pointing to the light, **perhaps they are good, per- 
haps bad." I will send the antelope and the mountain sheep to learn what 
they can of these people. Upon the near approach of the antelope and 
sheep to the village they discovered the people were red all over and when 
still nearer found them to be snake people. The antelope and mountain 
sheep had drawn near to a spring when the snake people attempted to 
seize them. They were too tired to run fast and were captured. The di- 
rector of the snake people inquired **Who arc you? Where did you come 
from? Where are you going?" The antelope and sheep replied "our camp 
Is not far off, and seeing a light burning here we came to learn what 
people live here." The captives were then released and allowed to 
go to their village. Upon their return they smoked the pipe with 
their director and informed him of their adventure. They told L61angiih 
how they had discovered the people passing in and out among the rocks 
near a spring at the base of a mesa, and how they feared they would be 
killed by them when they were captured, and after they were caught 
how the strange people Inquired who they were and whence they came. 
L61angiih said *'I will go and see these people and tell them we are poor." 
But he wished first to have the words of the p62ai and tfponi, and in 
four days he erected the p6iiai and placed the tfponi and sang to the 
music of the fiute and the rattle. He first sang for rain, which came, and 
in conjunction with the p6fiai the rain told him it would be well for him 
to go and see the strange people. After packing the tfponi in the box and 
wrapping the box with a white cotton blanket and separating the p6fiai 
so it could be carried by the two shamans, he placed wands on the road 
they were to take, and he, followed by his people, proceeded to the home 
of the snake people. He carried much meal and sprinkled it making a 
road all the way for his people to pass over. L6lang{ih thought much of 
the people he was to meet. He said to himself, '* Perhaps they are bad." 
At sundown they were not far the snake people whom he discovered 
to be advancing towards him. The director of the snakes whs in front 
followed by his people many abreast. Upon reaching the flute people the 
director of the snake people cut the road of meal saying **We do not wish 
you in our country, we do not know you, and you may be bad people." 
L61aiigiih replied, **No, we are not bad people, but we are very poor and 
have traveled far, we wish to live upon your land." Again the director of 
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the snake people objected. And thus they argned nntil they had had four 
talks. In the last talk L6Iangiih told the director of the snake people that 
he knew the secret of the rains and conld water his land for him. ** Well," 
said the director," if yon can command the rain people yoar heart mnst be 
good, and we will be glad to hare y.on with us if yon know the secret of 
the rains. If you know this secret then you and your people must be 
first and I and my people second ; yon will be to us father and mother, 
you will always be our great fatht-r." The Ante people camped with the 
snake people four days, then the director of the snake people being im- 
patient for rain said to L61augilh, **If you indeed know tills secret, hasten 
the rain tiiat our land may be watered." ** Walt,'* said L^iangiih, **in eight 
days I will return to your village and we Will go into the kiva." The di- 
rector of the snake people tliought, **I guess this man has lied tome." 
L61an<rAli returned with his people to Quash-ta-pa, but in eight days he, 
accompanied by his people, again visited the snake people, he with all of 
his men, two younu: vlririns, and a youth not having reached maturity 
went into the kiva of the snake people. The director was the only one of 
his people to accompany L^lan^iih into the kiva. Tiie two virgins wore 
white blankets. The lower pt>rtion of the face was painted black ; a white 
line across the mouth and extending from ear to ear bordered the black; 
their feet and hand:^ were colored black, their arms and legs on the outer 
sides were zigzagged in black,— this decoration being symbolic of rain 
and lightning. Each wore a white fluffy eagle plume attached to the fore- 
lock. The youth wore a white breech cloth and an eagle plume in his 
hair, his person being decorated similar to the virgins. They wore 
elaborate necklaces of turkis and kohaqua. The director of the snake 
people first placed his tiponi befoi-e the p6fiai, which L^lang&h bad erected, 
then L61an<!:iih deposited his tfponl. They remained in the kiva lour days, 
during which time they ate no animal food nor salt and practised continency. 
They ^iubsiKted on pi-ki,a wafer-like bread, and pi-ka-mi. 

On the firth morning all the flute people returned to Qaashtapa except- 
ing the youth and the two virgins; these remained in tlie kiva. They 
traveled by the music of the flute and the rattle and were led by five large 
beautiful feather wands. After reaching their village they had a feast and 
ate much meat and salt, and after the feast they sang all night. At mid- 
night th<'y had sung four songs when the rain slowly approached. It 
came not In showers from the heavens, but walked over the earth. As 
yet, before it was day, the waters were Invisible to all but L6langiih. Be. 
fore daylight the women attired themselves In white blankets and the men 
in white breech cloths having painted their bodie^i and limbs white, and 
ascended the mesa before their village. L6lang{ih carried the five large 
wands and was accompanied by the twin war heroes. (These little fellows 
figure extensively in the mythology of all the Pueblos.) Again songs for 
rain were sung and the wands planted. Then L^langiih accompanied by 
his people advanced to the bind of the snake people. All his men had 
sunflowers on their heads and they carried corn and many seeds of melons, 
beaus and peppers. As they neared the village the rain began falling 
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aronnd the land of the snake people bat not upon It. They were met by 
the Knake director and his people; and the two virgins and the youth who 
had remained alone in the kiva of the snake people abfttaining from animal 
food and salt since the day they first entered with L41anguh» soon ap- 
peared, accompanied by the two war heroes who upon entering the kiva 
heard the prayers of the youth and the maidens and then led them to 
where the people were con|j:regaied, but they did not join in the dance. 
After the fourth song the rain began falling upon the land of the snake 
people and in a little while the land was well watered and the snake peo- 
ple wept for joy. L^langiih gave to the snake director all the cereals his 
people had brought and the snake director was greatly pleased and said : 
** You are indeed my father, you have brought us rain, you know the secrets 
of the rains, you are therefore before me." The rain was so heavy that in 
places it washed the earth into globules and L^langiih gave to each of the 
virgins four of these balls and to the youth four eagle plumes. The virgins 
and the youth preceded the others to the kiva of the snake people ; as they 
advanced a line of meal and four rain symbols equidistant were outlined 
in meal. The youth planted an eagle plume at the center arch of each 
design and the maidens placed the mud balls in the arches either side of 
the line. 

After all were seated L^langiih placed some mountain sheep's chips up- 
on the floor and on these a beautifully decorated pottery bowl. He then 
placed a yellow ear of corn to the north of the bowl, a blue ear to the 
we«*t, a red to the south, and a white to the east ; a black for the zenith 
was placed by the side of the yellow ear and the all-color for the nadir by 
the side of the red ear. He then held a small vase of water which he 
brought from Quashtapa, extending it to the north, he sang for rain and 
sprinkled the yellow ear of com ; then extending to the west he sang for 
rain and sprinkled the blue ear, and so the songs to the south and the east 
and the zenith and the nadir were sung, and the ears of corn sprinkled; 
he then emptied the water into the bowl. Six pebble fetiches for the 
cardinal points were dropped into the bowl with invocations to the cougar 
of the north, the bear of the west and badger of the south, the wliite wolf 
of the east, the eagle of the heavens and the shrew of the earth to inter- 
cede for rain. L^langiih then hlew his whistle ii^ the water, producing 
bubbles, and much rain fell, and again the snake people rejoiced. L6lan- 
gfth, taking the six fetiches from the water, blew smoke over each one and 
prayed that his people might be preserved from evil and have good health. 
The flute people sang all the time, but the snake director did not sing for 
he did not know the sounds for rain. L^langiih directed his people to make 
plume ofl*erings to be deposited to the north, the west, the south, the east, 
the zenith and the nadir. The offerings were planted by one man for the 
snake and flute people. The plumes carried prayers for all things good. 
Upon leaving the kiva the flute people saw their women sitting on hills out- 
side of the village watching for them. The women wore wliite blankets and 
the children had white plume from the breast of the eagle fastened to the 
forelock. The men still wore the sunflowers upon their heads. In a little 
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while the land was abundant with melons, beans and peppers and other 
vegetation, though nothing had been planted. At snnrise the following 
morning all the men and boys of the flute people painted their bodies 
white. The white plume from the breast of the eagle and parrot plumes 
were attached to the scalp lock of each boy's head; the men wore sun- 
flowers on ihelr heads ; ail had many flne necklaces of turkis and kohoqua 
beads. L6langtih played and sang and the women and youths ran about for 
all were now contented. At midday L4langAh with his men, and the snake 
director, went into the kiva, and L61angfth repeated the making of the 
medicine water and again much rain fell. At the close of the ceremonies 
L61an»iih said to the director of the snnke people, **Yoa have seen my 
people dance ; you have heard my songs and prayers, you know that I 
speak with one tongue and have a good heart.** *' Yes," replied the snake 
director, ^*you know much, we must live together; you have made my 
land rich with food, you are great. You must be at the head and I will 
follow. The land will be yours for one year during wliich time all my 
people will be after you, then I will be at the head, and the land wiU be 
mine, and thus we will rule over the land. You have taughtme the secrets 
of the rains and the land will be yours as it is now mine." 

The flute ceremonial is the dramatization of the migrations of the flute 
people, their encounter with the snake people, and the grand finale when 
the director of the flute people brings the rains, and in return the director 
of the snake people declares that he shall be master over the land every 
alternate year. With a knowledge of the lunguage, infinite details could 
be intrt)duced into the legends which exhibit such striking analogy to the 
ceremonials of the snake and flute societies. 

While the snake and flute people are allied, the snake drama bears no 
relation to the flute drama except in so far as they are both rain ceremoni- 
als ; but in the flute drama, both the fiute people and the snake people 
appear. Without positive knowledge, I should say that those personating 
the snake people in the drama of the fiute society are meinbers of that body. 

Ethnologic investigations are extremely fascinating ; but exultation and 
enthusiasm often engender mistakes, and mythologic que><tions are fre- 
quently shrouded in mystery. In some respects they are like the acts of 
the prestidigitator which at first appear to be impossible of solution, yet 
at last when the secret of the process is revealed, its very simplicity dulls 
the glory of discovery. Such is often the experience of the ethnologist in 
studying mythologic and sociologic phenomena. Each particular question, 
without careful comparison with others, confronts us with strange con- 
fusion, but upon further research a solution may often be found. 



Pklmitivk numbeb systems. By Prof. Levi L. Conant, Polyteclmic In- 
stitute, Worcester, Mass. 

Tabsthact.] 

The number sense is never wholly lacking, no matter how limited may 
be the mental development of a tribe. Even the higher orders of the 
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brute creation seem able to distinguish between one and two. Investiga- 
tion must then begin with modes of expression of nomber, and not, as 
many philosophers have argued, with number itself. Different primitive 
methods of notation. Counting with the assistance of the fingers the 
universal starting point for number systems. It is the method of child- 
hood, and is common among eastern nations to-day. Extent of various 
primitive number systems. Examples of tribes unable to count beyond 
2 ; beyond 3 ; beyond 4 ; beyond 5 ; beyond 10. Formulation of a general 
law for the method of counting In vogue among savage tribes. Only the 
vaguest notions possessed by savages of the numbers they use. Even 
though they count as hi»h as 100 or 1000, they are often unable to dis- 
tinguish between veiy small numbers. The systems of the modern civil- 
ized world, now unlimited, were once as limited as those of the savage 
races now in existence. 1 he testimony of language decisive on this point. 
Until comparatively recently it has been supposed that aU the number 
systems of the world were decimal. The decimal a natural scale, because 
of the ten fingers. But the quinary and vigesimal are equally naturaL 
The best of all possible bases is 12. Reasons therefor. Keckonlng by 
12*s very common in business transactions, but no'people has ever used 
12 as its exclusive number base. Examples of tribes that have used as 
their base two, three, or four. Brief mention of a similar use of six, 
seven, eight, nine, eleven and sixty. Consideration at length of the 
quinary system. Examples of its use. When extended, the quinary 
always passes into the decimal or the vigesimal system. Consideration 
of the vigesimal system. Examples of its use. Traces of its former use. 
Consideration of the decimal system. Its widely extended use. It seems 
destined to supplant all other systems, as it already has done in very many 
cases. 

[This paper will be printed in greatly expanded form as the first chapter 
of a book.] 



The Prabody Museum Honduras KXPEDmoN. By Prof. F. W. Putnam, 
Curator Peabody Museum, Harvard University, Cambridge, Mass. 

[ABSTRACT.] 

A BBiKF account of the Expedition to Honduras during the past winter, 
with a statement of the plans of the Museum for future work in that 
country. 



Explobatioks on the main structure of Copan, Honduras. By 

MARi^HALL H. Savillk, Asst. Peabody Museum, Harvard University, 

Cambridge, Mass. 

[abstract.] 

The Main Structure of Copan is one of the most marvelous and In- 
structive in the New World. It was not understood by Stephens, who 
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could see no evidence of any buildings in connection "with it, and the 
forest still covered it when the Peabody Mnseam Honda ras Expedition 
reached Copan in December last. 

This great ruin is of irregular shape, the length alonx the river front 
being about 780 feet while the western side is about 560 feet. The height 
at the highest point above the river is about 120 feet. 

Among the numerous mounds of this Structure is mound 21 in the ex- 
treme northeastern part, overhanging the river. It is on the upper level, 
above the western and eastern courts. The steps on the northern side of 
the Main Structure lead up directly to this level, which runs along the 
top of the northern part of the Structure, and southerly to pyramid 16, 
thus separating the two courts. 

This mound was much destroyed and the space between mounds 20 and 
21 was filled with debris from both mounds, to a depth of ten feet. At 
the southern side of the mound could be traced a flight of steps nearly de- 
stroyed, leading up to the top, which is fifty-one feet above the eastern 
court. The debris filled the space between mounds 21 and 22, and the 
general appearance of the mounds was that of a mass of stones and earth 
upon which large forest trees were growing. 

After clearing away the forest from the whole eastern part of the 
Main Structure, excavations were begun at the southern end of the debris 
between mounds 21 and 22. Working north to clear tlie supposed passage 
between the two mounds, a flight of steps, four in number were discovered, 
which on being cleared were found to lead to a platform five feet above. 
At the base of the lower step, on each Hide, are the remains of a wall 
which faced the terrace, but the debris falling from the corners of the 
two moands has left only the lower course of stones in place. The plat- 
form or terrace is 27 ft. feet long, extends between the lower terraces of 
both mounds, and is cemented. Worlcing north from the top of these 
steps, about eight feet, the front wall of a building was found, running 
from eaist to west with a doorway in the center 6 ft. 10 in. wide. This 
wall had fallen outward, and was nearly destroyed. It is three feet in 
thickness and is built on the floor of the room and set in from the southern 
edge about four inches, a custom observed in the construction of other 
buildings in Copan. The floor of the room is one foot and a half above 
the platform and on the steps are several discs cut in the stone. This 
chamber was found to be 26 ft. long and 7 ft. wide. In the eastern end, 
the second terrace of mound 21 makes a platform 2 ft. 9 in. high and 4 
wide, covered with cement 2i in. thick. The two upper courses of stone 
project about three inches. The roof stones still in place in the northeast 
comer show the room to have been 8 ft. 2 In. high to beginning of roof. 
The end walls also have roof stones. These roofs were made by the 
overlapping of the stones on each side until they approached within about 
two feet, then the two walls were covered by a capstone. In the western 
wall is a niche nearly four feet from the floor, 1 ft. 9 in. long, 1 ft. 10 in. 
high, the bottom cemented, and having a flat roof above. This wall has 
been thrown inward by the fall of the eastern wall of mound 22. 
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In tUfe center of the northern wall of this room, which Is 3 ft. 6 In. 
In thickness, Is a doorway 8 ft. 8 In. wide, leading to a rear chamber. 
The floor of chamber 2 Is more than two feet above chamber 1, the cement 
being from four to six Inches deep. The step Is of three courses of 
stone, the upper course projecting about three Inches and has an hiero- 
glyphic Inscription cut upon Its face 'consisting of sixteen glyphs. The 
first glyph resembles the heading which Is usually found at the beginning 
of Inscriptions on the stelae of Copan and Qulrigua and on the Inscrip- 
tions of Palenque. The divisions of this Inscription are unique, the char- 
acter being two discs, joined together near the lower part by a loop. They 
are placed, one after the first three glyphs, the next In the middle and the 
third before the last three glyphs. Below the central part of this Inscrip- 
tion, on the lower courses of stone. Is a large square cut In the stone. 
On each side near the top Is a small square at right angles with It. About 
one foot away on each side a circular piece has been cut out. The char- 
acters resemble those cut In the stones of the roof of the *' House of the 
Dwarfs" In Uxmal, Yucatan. 

The room Into which this step leads Is 25 ft. 9 In. long and 6^ ft. wide. 
The terrace of mound 21, as seen In chamber 1, rises but eleven Inches 
above the floor. The roof stones begin about six feet above the floor; and 
in the western wall was formerly a niche, now destroyed. The back wall 
of the room and building is flve feet In thickness and has fallen outward. 

The cement on the floor of chamber 1 is rather broken, but that of 
chamber 2 is cracked and raised. This line of rupture runs from east to 
west, and continues through the western wall of the room, and the east- 
em wall of mound 22. 

There is another long crack in the Main Structure running from north 
to south parallel with the river front. The walls in nearly all the build- 
ings explored in Copan have fallen outward presenting adifl'erent appear- 
ance from those of the ruined edifices In Yucatan. While the buildings 
in Yucatan were probably destroyed by vegetation aided perhaps by the 
hand of man, in Copan we have evidence of a stronger force, probably 
an earthquake, producing the long cracks seen In the Main Structure, 
breaking off several Idols just above the base, and wrenching others from 
their foundations. 

In the outer back wall is a carved stone probably taken from some de- 
stroyed building, and used in the construction of this edifice. The ter- 
races of the Main Structure lead up to this wall, but are now filled with 
debris. The northeast comer of this building was formerly ornamented, 
but with this exception no sculptures were found in a position indicating 
that they formed part of the wall. The sculptures found In excavating 
were in all probability from the buildings on mounds 21 and 22. 

Continuing our work eastward we found that mound 21 was composed 
of flve terraces rising one above the other, forming a rectangular struct- 
nre. These terraces on the northern side are destroyed and on the eastern 
side have fallen into the river, but the western and southern sides are In 
a good state of preservation. They average a little over four feet high and 
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are about three feet wide. The two upper courses of stone project in all 
with the exception of the lower terrace, In which the three upper courses 
form a projecting coping. The corners seem to have been literally swept 
down by the mass of debris falling from above. 

Built against the southern side of the mound is a steep flight of steps, 
made of small stones, which once 'led up to a low platform one foot in 
height, on the upper terrnce. Above the fourth terrace these steps were 
of larger stones, but they are now destroyed. They average about one 
foot high, one foot broad, and nineteen are now in place. The base of 
the steps is about thirteen feet from the base of the lower terrace, and 
on each side of them are small terraces or platforms, formerly ^ght in 
number, rising to the top of the mound. The roots of trees have done 
much to destroy the upper part of these massive steps, but the lower part 
are in an excellent state of preservation, and it seems very probaUe that 
the building which once stood above, fell before any v^etation grew 
upon the structure. 

The building, which once crowned these terraces, is now almost com- 
pletely demolished, simply two parallel walls remaining, running north 
and south, about 6 ft. high and 7 ft. 9 in. apart. Between these wails 
about six feet north of the front of the building, a flight of steps, of 
which only flve remain, led up to some platform or room, which is now 
totally demolished. From the amount of masonry which had fallen it 
seems probable that this edifice was two stories in height, and perhaps 
was a tower elaborately ornamented. 

About ten feet east of the flight of steps is a terrace between the lower 
terraces of mounds 20 and 21. This is about four feet liigh, with four 
steps leading to the platform above. Three feet east is the front wall of 
a building with a doorway in the center opposite the steps. This building 
lias fallen into the river and only about two feet of the room remains 
along the river front. The chamber extended from north to south, and 
had a raised platform at each end. Through this terrace on the level of 
the floor at the base of the steps, are two small passages about ten inches 
in height and the same in width. They are located one on each side of 
the steps and the eastern ends appear on the river front a little lower 
than the floor of this court, and a little larger tlian at the western ends. 
They were probably sewers for draining the space between the two 
mounds. 

Between this terrace and the steps of mound 21 is a small chamber built 
in front of the flrst terrace of the mound. The eastern wall of the room 
is built in front of the northern canal and closes it up. The top of the 
roof of this chamber is only four feet high and is cemented over. The 
floor is on the level of the court, and there are two doorways two feet high 
and about two feet wide, over which are stone lintels. This chamber has 
the same style of roof as the Yucatan buildings, and extends from east 
to west. The walls are but two feet high to where the roof begins, and 
from floor to capstone is three feet three inches. It is 8 ft. 8 in. wide at 
the floor, 1 ft. 4 in. wide at the roof, and is 6 ft. long. 



Digitized by 



Google 



ANTBROPOLOOT. 275 

Over the roof of this chamber and the first terrace, and in front of the 
second terrace, another small chamber was built. Only the first two 
courses of the front wall, and portions of the end walls are now standing, 
the weight of the debris falling from the building above , having com- 
pletely destroyed the roof, the stones of which were found on the floor. 
This room was about 14^ ft. long and 4 ft. wide, had three doorways, 
and in the end walls about two feet from the floor were niches one foot 
wide and deep. In the outside of the front walls, on each side of the 
doorways, nre small holes like those found in several buildings in Copan 
and quite common in Yucatan. These are supposed to have been for 
passing ropes through for curtains or doors. The roof of this chamber 
could not have been higher than that of the chamber below. The use 
of these small rooms is a mystery. 

In the rooms explored In our excavations nothing was found except 
the rubbish from the fallen walls. At th^* base of the steps leading to 
the top of mound were found seven obsidian discs, from three to three 
and a half Inches in diameter and about one-fourth of an inch thick. One 
of these has considerable cement on one side and It may have been set 
into the facade of the building. Three stucco faces and other fragments 
of the same mnterial were found at the base of the steps bhowing that 
the use of stucco, in the ornamentation of buildings, was not unknown in 
Copan. 

At the northern end of the steps, near the first terrace was a large ash- 
bed on the cement floor, in which were a quantity of potsherds of a rough 
character, probably of cooking u tensile, and several fragments of a human 
skull. Obsidian flake knives, and other implements, were found in the 
general digging of this mound. Many flne pieces of sculpture were found 
at the southeast corner of mound 22 and all along the front of mound 21. 
Faces, busts, conventional pieces, and many representing featherwork 
were found In the space between mounds 20 and 21. Many of these show 
that they were covered with cement and the steps and walls were like- 
wise covered in the same manner. Traces of painting on the cement were 
not observed. 

No lintels were found in the debris of the doorways, and as these are 
too wide to have had lintels of stone, judging from the size of the stones 
found, wood must have been used. In Yucatan wooden lintels in a per- 
fect state of preservation are still to be seen, fallen or in place in the 
buildings, but in all of our excavations in Copan we did not And a trace 
of lintels of any kind, escept the two small ones mentioned above. 

In Yucatan the sapote was used for lintels and it is found there abun- 
dantly at the present time. Mahogany and cedar, which are as durable 
as sapote, are to be found near Copan ; the cllmnte is fully as favorable 
for the preservation of wood as in Yucatan, and the vegetation not^uite 
as dense. 

It seems highly probable that many centuries have elapsed since the 
destruction of the buildings during which period the wood has entirely 
disappeared. 
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Yakdausm among the ANTiqumss of Yucatan and Central Abcrrica. 
By M. H. Saville, Assistant in Peabody Moseam, Harvard UniTersity, 
Cambridge, Mass. 

[ abstract.] 

The ancient buildings and sculptures of Yucatan and Central America 
have wlihin a few years been much damaged and disfigured by the indif- 
ference of the natives of those countries, and by the vanity of travellers, 
some of them unfortunately American, who paint their names in large 
characters on the sides of the buildings and carve them on the sculptures. 

Briefly, I will enumerate a few instances that have come under my 
personal observation. 

The magnificent "House of the Governor" in Uzmal, probably the 
grandest building now standing in Yucatan, is almost covered with names 
on the front and on the cemented walls inside. These names are painted 
in blacic, blue and red, and the letters are in some cases twelve inches high, 
and here are to be seen the names of men who are widely Icnown in the 
: scientific world. The ** House of the Dwarfs" in the same city has suf- 
fered in a like manner. Many of the sculptures which have fallen from 
.the buildings in Uxmal have been wilfully broken, and I noticed particn- 
Uirly that two of the beautifully carved turtles, from the "House of the 
Turtles," had been broken apparently by a machete. 

The large face figured by Stephens in "Incidents of Travel in Yucatan," 
Vol. 2, page 434, is in a mound in the back yard of a shop in Izamal. 
This has been almost destroyed. The whole of the face between the eyes 
'and the lower part of the chin is gone, and I was told that the stones thus 
obtained were used in repairing a fence. On the other side of this mound 
;is the bas-relief in stucco discovered by Charney, and this is slowly 
<)rumbling away. The steps leading up to the top of the Great Pyramid 
are being thrown down; and many mounds in Yucatan are being destroyed 
at the present time, to furnish building material. In fact, if a bee*s nest 
should be found in one of the old buildings, the Indians would tear down 
part of the structure to get at the honey. 

In Copan, when the Peabody Museum Honduras Expedition compared 
the condition of the "Idols" to-day with the photographs taken by Mr. 
A. P. Maudslay seven years ago, it was found that, during that time, some 
of the very finest sculptures had been disfigured by blows from machetes 
and other instruments. The Stela given as a frontispiece in Stephens' 
"Incidents of Travel in Central America" Vol. I, has been much marred 
by some one who has broken off several ornaments, and a beautiful me- 
dallion face from the northern side. One of the faces and several noses 
have been broken off from the sitting figures on the altar, figured in 
Stephens in the same VoL opposite page 142. On some of the idols and 
altars names have been carved, notably on the back of the Stela figured 
opposite page 158 in Stephens, and a large fhigment has been broken ftrom 
the same Stela. While excavating In one of the chambers of the main 
structure we uncovered a beautiful hieroglyphic step, but before we had 
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time to secure a photograph of It, some visitor Improved the opportunity 
while no one was about, to break off one of the glyphs. 

In Quirlgua a small statue, discovered by Maudslay and removed by 
him to a small house near the rancho of Quirlgua, had the head and one 
of the arms broken from It during the Interval between two visits. This 
statue was of the highest Importance, as It very much resembled the 
celebrated *'Chaac-mor* now In the Mexican Museum, bat discovered by 
Le Plongeon at Chlchen-ltza. One of the Stelae at Quirlgua has had a 
name carved on It quite recently; but the sculptures of this place are In a 
mach better state of preservation than those of Copan owing to their be- 
ing at some distance from the road, and being covered with a dense trop- 
ical growth ; while those of Copan are within a mile of the village, and 
there was formerly a road over the Plaza Grande and among the Idols. 
The burning of the bush, to clear the land for milphas, has also injured 
many of the sculptures owing to the cracking of the stones by the heat. 

While in Nicaragua I learned that the sculptures on the Island of Zap- 
atero in Lake Nicaragua have within a few years been much broken and 
disfigured. These were described by Squler in ''Nicaragua, Its People, 
Scenery, Monuments, etc.," Vol. 2. 

As the governments of Mexico and the Central American Republics are 
making little or no effort to preserve or care for the antiquities within 
their boundaries, it remains for the United States to do something to pre- 
serve these vanishing memorials of the past. The initiative has been 
taken by the Peabody Museum, Cambridge, which has been granted, for 
ten years, the care of the antiquities of Honduras. A wall is now being 
built to enclose the principal remains In Copan, and a keeper has been 
placed in charge with strict orders to allow nothing to be destroyed or 
carried away. Thus a strong effort is being made by the Peabody Mu- 
seum to protect the wonderful carvings In stone of the ancient city of 
Copan. 



Sacred fipbstone quarries of Minnesota and ancient copper mines 
OK Lake Superior. By W. H. Holmes, Bureau of Ethnology, Wash- 
ington, D. C. 

[ABSTRACT.J 

The Red Pipestone Quarry from which material was obtained by the 
aborigines for the manufacture of ceremonial pipes is situated in south- 
western Minnesota near the town of Pipestone. It consists mainly of a 
single line of pits and trenches nearly a mile in length extending across 
a wide shallow valley scooped out of the prairie by glacial ice. This valley 
is drained by Pipestone creek which descends from the east over an es- 
carpment of reddish quartzlte and passes to the westward across the 
valley through a chain of small lakes, finding its way finally into the Big 
Sioux river, in South Dakota. The stratum of pipestone is about twelve 
inches thick, hardly two Inches of this being of a quality well suited for 
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carving. The material is a fine grained indarated clay of yarying and 
variej^ated hues of red. It lies between l)eds of massive qaartzite dipping 
gently to the east and is obtalDfd at grent expenne of time and lalK>r. 
The first discovery of the material was no doubt made in the baiilcs of the 
creek where the annual floods uncover the outcropping edges of the rocks. 
From the creek the layer of pIpestone was followed to the north nnd south 
across the prairie nntll it disappeared beneath the rising ground inclosing 
the valley. The ancient pits formed an almost continuous cliain upwai-ds 
of three- fourths of a mile in length. They were originally not above six 
or eight feet deep in any place and are now marked by wide shallow de- 
pressions in the surface of the prairie along the sides of which are low 
ridges of the excavated earth and stones. In these pits a number of broken 
stone sledges and hand hammers were found and the prairie is strewn 
with fk'agments of the red pipestone. There can be little doubt that the 
work was begun in pre-Columbian times and it appears to have coiitinaed 
without serious interruption down to the present. The more recent work 
has been confined to limited portions of the outcrop, the ancient pits be- 
ing in such places partially or wholly obliterated by the more vigorous 
and effective operations of men employing the tools of the whites. The 
quarries are visited each year by about thirty families of Sioux Indians 
who travel some 200 miles from their reservation, spending a month or 
six weeks in camp about the quarries. 

The stone is removed in small pieces and distributed among the families 
who proceed to malce it up into pipes and trinkets of various kinds, or 
sell it to the whites who, with lathes and other mechanical contrivances, 
produce an endless variety of objects. The collections made include a 
large assortment of the ancient stone implements and of the refuse fh>m 
the lodge-shop sites which cover the prairie for miles around. A section 
of the pipestone stratum was secured including the full thickness of pipe- 
stone and several inches of the massive quartzite above and below. This 
section will be clamped together and cut and polished upon one side for 
exhibition at the World's F.Hir at Chicago. 

The Copper Mines of liake Superior yielded native or mass copper which 
was extracted from the roclcs by the ancient aborigines and distributed 
over a large part of the continent. On Isle Royale, situated near the 
northern shore of the hike, thousands of the nearly obliterated pits are 
still to be found although many have been worked over by the whites who 
carried on extensive operations on the ancient site, finally abandoning the 
work about ten years ago. In cleaning out the old pits several masses 
of copper were encountered which had been uncovered by the aborigines 
who had striven in vain to break them up and remove them. The largest 
mass discovered weighed 12,000 pounds. The ancient mines were not 
deep, but consisted mainly of pittings, made in prospecting for masses of 
copper, exposed or partly exposed by glacial ice nnd afterwards covered 
by tin and drift. Trenching discloses the flict that the old pits are filled 
with crushed rock, charcoal, bits of oxidized copper and Innumerable stone 
hammers and sledges, the latter having been used in (Seeing the masses 
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of copper fh>m the Inclosing rock. There are no indications of the work- 
ing of copper upon the site although a few shaped pieces Iiave been re- 
ported. It is highly probable that the masses of metal were for the most 
part transported to distant points to be worked up according to demand. 
The examination of these mines as well as of the pipestone quarries was 
made in June, 1892, and extensive collections were obtained for exhibition 
at the World's Fair at Chicago. 



Aboriginal quarribs of flakablb stonk akd their bearing upon the 
QUESTION OF PALEOLITHIC MAN. By W. H. HoLMES, Bureau of 
Ethnology, Washington, D. C. 

[abstract.] 
The quarrying of stone for the manufacture of flaked implements was 
carried on extensively by the American aborigines and the study of the 
quarry phenomena recently made is found to throw much liglit upon the 
nature of many rudely shaped stones heretofore classed as implements 
and placed in evidence as such upon most important questions. The 
partly worked implements rejected at various stages of the shaping pro- 
cesses because of defects in texture and fracture are found to correspond 
perfectly to forms that have usually been classed as palseollthlc because 
of their assumed close resemblance to European paltejiithic forms. It 
is shown that in America the conditions are such that no specimen can be 
safely assigned to paleolithic culture by its form alone. It further ap- 
pears that nearly all the rudely flaked stones reported ftrom the glacial 
gravels are identical with the failures left in roughing out implements in 
the quarries and shops and do not present those evidences of specializa- 
tion that characterize the well established types of European palffioliths, 
the probabilities beln*:, therefore, that they, also, are failures produced 
in the manufacture of more highly specialized forms and that they are not 
really completed Implements. This view is ftirther supported by the fact 
that the culture of the gravel-forming period of western America appears 
to have been neolithic and that the rude forms found so sparingly In the 
eastern gravels representing the same period may be the scattered refuse 
of neolithic implement makers who ventured down to the banks of glacial 
torrents to secure the raw material. Before this class of evidence can be 
safely employed In affirming the existence of a palaeolithic period of culture, 
the observations must be multiplied until it Is settled satisfactorily, first, 
that the objects found are bona fide implements and not mere refUse, and 
second, that they are the excluMlve art product of the period they represent. 
Behind tliis Is the question as to the reliability of the observations already 
made upon the occurrence of works of art of any kind In the gravels. The 
phenomena being geological and observed in the main by persons inex- 
perienced in this science and that too before proper stress had been laid 
upon the need of absolute accuracy in every detail, the probability is that 
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a very large percentage of thepe oh8eryations is defectiye or erroneoos. 
Taking the most favorable view of the existiDg evideticf* it Im apparent 
that the existence of a palseolithlc culture in America in glacial times fa 
far from being establiubed, and it is evident that until geologists unite 
with archaeologists in obtiervin^ the phenomena and by carefbl and long 
continued observations accumulate a large body of unimpeachable evidence, 
the question will remain unsettled. 



On the so-called paljcolithic iMPLKMEirrs of the upper Mississippi. 
By W. H. HoLfifES, Bureau of Etlniolon^y, Washington, D. C. 

fABSTRACr.] 

The discovery in Little Falls, Minnesota, of numerous objects of flaked 
quartz supposed to be of palaeolithic age was reported by Miss F. £. 
Babbitt in the year 1880. In visiting the locality in 1892 I had the good 
fortune to be accompanied by Prof. N. H. Winchell, State (geologist 
of Minnesota, who had been over the ground with Miss Babbitt some 
years before. Tlie site was, therefore, properly identified and Professor 
Wincheli was present during the examinations made by me and freely ex* 
pressed his approval of the conclusions reached. 

The quartz-bearing bed occurs about midway in the gentle slope of a 
glacial terrace facing the Mississippi river and just above the present 
level of the water which has been raised about ten feet by a dam recently 
constructed at the falls below. I found numerous fragments of quartz 
projecting from the surface of the ground near the water level and at 
higher levels in the sides of a shallow roadway that led from the upper 
terrace to the modern flood plain below. 

A trench was begun at the water level on the north side of the roadway 
and carried in on a horizontal floor nearly at right angles with the terrace 
front which here sloped back so gently that an advance of forty feet was 
made before the full height of the section, twelve feet, was exposed. 
The quartzes were very numerous on the level from which Miss Babbitt 
obtained her specimens but decreased as advance was made. They were 
found to occur, however, not only at this level but scattered throughout 
the full thickness of the deposits until an advance of twenty feet had been 
made and a depth of six feet had been reached. Beyond this the first 
traces of the normal glacial deposits were encountered and lu these no 
quartz fragments were found. The quartz containing deposits are of 
recent formation being composed of materials derived from the edges of 
the crumbling beds above and are filled with the refuse of arrow making 
left upon the slopes and margin of the terrace. 

The face of the undisturbed gravel beds encountered at about the twen- 
tieth foot rises more abruptly than the outer surface of the talus, and 
the latter deposit, as a consequence, thins out very considerably toward 
the top. The trench was carried about forty feet into the terrace and the 
examination was continued one hundred feet further across the upper 
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surface by means of pit tings at intervals of abont twelve feet. Worked 
quartz was found upon the surface everywhere within a radius of upwards 
of a hundred feet from the initial point of the trench and also distributed 
through the surface loam to a depth of from two to three feet. This lat- 
ter distribution is uniform from the surface to the full depth and could only 
have been brought about by disturbances of the surface by such agencies 
as the growth and decay, and the uprooting of trees, causes still operating, 
in the region. 

It appears as a result of these examinations that the worked quartzes 
are confined to the surface loams and to the heterogeneous talus gravels 
of the terrace, and that the shaped pieces are nothing more than the fail- 
ures left by arrow-makers who may have occupied the spot at any period 
from glacial times down to within fifty years ago. The raw material was 
vein quartz obtained from the Pre-Cambrian slates exposed in the river 
bed. 

The explanation of the unfortunate errors fallen into by the original 
observers is that the archaeologist identified the works of art and the 
geologist the geologic formations, neither thinking it necessary to deter- 
mine the yital point as to whether or not the works of art were really 
associated with the undisturbed gravels. 



Brirf remarks upon the alphabet of Landa. By Dr. Hilboknb T. 
Crrsson, 224 South Broad street, 'Philadelphia, Pa. 
[abstract.] 

The Maya script, both in its hieratic and demotic forms, is the same 
as the higher grade of ikonomatic writing described by Aubim. The word 
hieratic applies to sculptured Maya glyphs, demotic to more cursive forms 
used by the ancient Maya scribes. 

A Maya hieroglyph may be a single character, the meaning of which Is 
expressed by the sound of the name of the thing represented ; or it may 
have a number of components that convey by a similar method a series of 
ideas. 

Suggestions: — The Maya scribe ^ave glyphs, whether simple or com- 
bined that carried out Landa's pronunciation of the Spanish alphabet by 
means of characters which stood for the sounds of the names of these 
letters. 

For example : If Landa asked for H which he pronounced dtchay, he 
would have been given the if or hd glyph and the Cha glyph. 

The alphabet being prepared by the author of this abstract, suggests 
that this method of procedure was followed out by the Maya scribes whom 
Landa employed. The alphabet will not be made public until it has been 
thoroughly tested; if it Is correct it will stand— if not it will fall. Tef^ts 
made with It place the Maya signs of orientation as follows: — Chikin, 
west (the sun bitten), Lakin, east, Tchaman, north, Nohol, south; this 
agrees with the new arrangement of Professor Thomas and the assign- 
ment of de Bosny. 
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occupies the centre, holding In his hand the hohok or noose, which In some 
cases Is found around the feet of this divinity. Cauac (Cau-elc) again 
appears on page 293 of Cliarnay's woric; tlie Antenntie sign of the i>ee, 
cliaracterlstic of the Cauac glyph, is to be seen in front of the fl<;ure wliiie 
the maize sign is attached to his head, the action of the liands nusgest- 
ing the chief year bearer or Cuchhaab and the bacab who supports the fir- 
mament; below in the column are ikonomatic decorative glypiis suggesting 
Cab the eartti, H& or water and the maize leaf— emblems of fertility, in 
which IkUcab the bee assisted by mixing the pollen of Jxim. The large 
plate in Charnay's woric to the ris;ht liand side of page 286 shows the left 
wing of the Temple at Chichen-iUa and from its cornices project the ikono- 
matic representation of the so-called " Long nosed God" who flgnres re- 
peatedly, even in demotic script. The Chi glyph and ieh and hd glyphs 
form his mouth, the K or kan glyph is the trunk, the large centre glyph 
at the same time repeats the suggestion, and the Z glyph and two medal- 
lions recall Kukuitz and Itzamna, while* other components of this ikono- 
matic decoration suggest Chi-Chen. 

Other suggestions In this respect might be made. What have been given 
are simply intended to indicate a new line of research to those interested 
in the subject— for whether the decorations of the ancient Maya palaces, 
their glyphs and other sculptures, eventually prove to be Ikonomatic, which 
the writer of this abstract firmly l)elleves they will, they have certainly 
never received the carefbl study which they merit, and to which the Bu- 
reau of Ethnology at Washington Is now devoting especial attention by a 
study of the Maya language and of its graphic system both hieratic and 
demotic. 



Comparative chronology. By W J McGeb, U. S. Geol. Survey, Wash- 
ington, D. C. 

[ABSTRAOT.] 

Certain so-called "natural time units" are recognized by primitive peo- 
ples and civilized men alike. These are derived from the motions of earth, 
moon and sun, and are commonly limited by means of conjunctions. They 
form the bases of calendars and chronology. History borrows these units 
and groups them Into eras marked by events of real or imaginary import, 
such as the birth of nations, the beginning of dynasties, or more commonly 
the origin of religions. Thestudy of living things shows that the life of 
the earth has not flowed as a steady stream in a constant direction, but 
has followed divergent lines and repeatedly risen Into waves each culmi- 
nating in a dominant type which afterward became subordinate or died 
out; and in this way a series of biotlc ages has been recognized in biology 
and paleontology. These ages cannot directly be reduced to eras or cos- 
mic time units. Geology teaches that the rocks of the earth are made up 
of formations each deposited during a more or less definite period, and 
these periods are combined in a system of chronology characterized by vast 
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length of the units or time elements. The cosmic nnlts, the blotic ages, 
and the geologic periods are Incommeasarable, but are approximately re- 
ducible to a common standard by means of certain coincidences or con- 
Junctions. This reduction Is greatly facilitated by certain recent American 
investigations ; and It Is now practicable to express geologic time In terms 
of the historical chronology more accurately than ever before. The reduc- 
tion is stated in tabular form and Illustrated graphically by means of dia- 
grams. The estimate of tlie* duration of different geologic periods thus 
determined has an important bearing on the question of the antiquity of 
man. 

The paper was illustrated by several large charts. [The paper Is printed 
in fnll and the charts reproduced in the American Anthropologist for Oc- 
tober, 1892, Vol. V, pp. 327-344]. 



Thr karlt keligion of the Iroquois. By Be v. W. M. Beauchamf, 

Baldwinsville, N. Y. 

fABSTBACT.] 

While primitive American beliefs are of interest, we are not sure how 
early they were affected by civilized influences, but the Iroquois religion 
has greatly changed. It Is Included in three periods : primitive, that af- 
fected by the missionaries, and that of the Peace Prophet. It Is doubtful 
whether they had a definite Idea of one Great Spirit when first known, and 
the account of the creation Is conftised. The Okkis, in their estimation, 
were good, rather than evil spirits. All men had two souls, and this 
affected their burial rites. Sacrifice was an occasional act, but there was 
little system in their worship. Dreams were of the most importance in 
this, and are still prominent. Witches were feared and abhorred, and an- 
imals were venerated. The Peace Prophet gave them a definite system a 
century since. 

[This paper is published in full in the American Antiquarian, Nov., 
18U2.] 



Early Indian forts in New York. By Rev. W. M. Beauchamp, Bald- 
wlnsvlUe, N. Y. 

[ABSTRACT.] 

The difllculty Is great In getting a fiill list. All villages were not forti- 
fied, and wefe frequently removed. There are several large gronps, be- 
sides smaller ones. The form and construction of earthworks varied, and 
these generally preceded stockades, which were of four kinds : single, 
double, triple, and quadruple. The ditch was less defensive than inci- 
dental, and In stockades post- holes were not always used. Many examples 
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of both modes of defence still remain, and Sqnier's estimate of their num- 
bers was a fulr one. According to the catalogue of the Bureau of Eth- 
nology defensive works belong mainly to the northern U. S., especially 
near the great lakes. 



Fbehistoric barthwouks of Henry county, Indiana. By T. B. Rkd- 
DiNG, New Castle, Ind. 

[ABSTRACT.] 

There are, in the county, ten mounds surrounded by enclosures; there 
are eleven mounds that d > not seem to be surrounded by enclosures, though 
some of them may have been ; there are six enclosures in which mounds 
do not appear, or have been obliterated ; there are twelve, or more, doubt- 
fhl mounds which have not been sufficiently explored to determine their 
real character ; there are three doubtful enclosures. The mounds range 
fi'om 20 to 150 in diameter; the enclosures from 100 to 250 feet in diame- 
ter. There are also numerous burial grounds in gravel and sand banks of 
the county where skeletons of an unknown race have been found. Many 
of these crumble on being exposed ; others are in good preservation. 



On some prehistoric objects from the Whitewatbr valley. By 
Amos W. Butler, Brookvllle, Ind. 

[ABSTRACT.] 

In a small collection of specimens are several of considerable Interest. 
One a hematite hemisphere from near Mt. Carmel, Franklin County, Ind., 
is one of very few hematites from the county. A pestle from Wayne Co. ( ?) 
is of soft hematite and evidently has been deposited for some time in water 
so that the iron hus' been extracted and deposited about the implement as 
**bog iron ore." 

An ornament of galena, found near ** Twin Locks," four miles from 
Brookvllle In a plowed field, appears to be encrusted with carbonate of 
lead. 

An arrow head from Brookvllle seems to have been worked over cut- 
ting down the original size of the implement and having peculiar flanges 
at the barbs. 



Some Indian camping sites near Brookville, Indiana. By Amos W. 
Butler, Brookvllle, Ind. 

fABSTRACT.l 

In the vicinity of Brookvllle, Ind., on the Whitewater river, there are many 
Indian sites. Some were doubtless nothing more than camps, others were 
occupied for a longer time, several in all probability mark the location of 
Tillages. Within historic times some of these sites have been occupied 
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and near some of them agriculture was carried on to a limited extent. Of 
liistorlc sites the following are noted : One near Templeton*s Ford, three 
miles north from Brookville in the valley of the East Fork of Whitewater. 
One two miles west of UrookviUe, Just beyond the **Boundary Hill, in the 
valley of the West Fork of Whitewater. One in the northwestern edge 
of the town of Brookvilie. One in the southern part of that town upon 
the highest alluvial terrace between the two rivers and overlooking their 
junction, and one four miles south of Brookville, where Little Cedar Creek 
empties into the Whitewater. 

Of prehistoric sitt'S there are many but it is only proposed to call atten- 
tion to a few situated near Brookville. 

On the east side of Boundary Hill, on a little bench, which has been for 
years occupied as an orchard there is one which shows evidences of long 
occupation. 

Just south of this, across the river, is another on the land of R. M. 
Stoops. 

In the northwestern part of Brookville, upon the highest terrace in the 
town, is another site which also shows evidence of considerable occupa- 
tion. North of Brookville in the same section upon the land of my father 
is a bench of glacial clays and gravels where are the sites of two camps. 
Southeast of Brookville in Section 33, near the group of mounds in that 
section is a site that is quite noticeable. 

East of this, over a half mile, on Little Cedar Creek is a site which 
seems to have been occupied extensively and with it appears to have been 
a workshop. Across the Whitewater river, from section S3, upon the 
land of O. M. Meyncke, another site is noticeable. 

One thing of interest is that the most extensive sites were located near 
some of the finest springs in the valley. 

Drawings and specimens were used to illustrate the paper. 



On thk earthworks near Anderson, Indiana. By Amos W. Butlrr, 
Brookville, Ind. 

[ABSTRACT.] 

A notice of the works with a statement of the plans proposed for their 
preservation. Illustrated by a map and photographs. 



Anvil SHAPED stones from Pennsylvania. By Dr. D. G. Brinton, 
Media, Pa. 

[ABSTRACT.] 

NUMKROUS Stones about the size and shape of a blacksmith's anvil have 
been found in eastern Pennsylvania, in localities and reltitions which have 
led many to believe they are aboriginal relics. Some of them appear to 
show signs of chipping, others do not. Even if natural forms, they may 
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have been collected and employed In ntilitaiian or ceremonial customs. A 
specimen is exhibited, and its possible application in these directions dis- 
cussed. 

The first who brought these stones to the attention of scientists was 
Mr. Charles Laubach, and their investigation has been chiefly dne to Mr. 
H. C. Mercer, who famished the example shown. 



Fkbblrs chipped by modern Indians as an aid to the study ok the 
Trenton gravel implements. By H. C. Merger, Doylestown, Pa. 
[abstract.] 

I wish to call the attention of the Section to these sandstone flakes with 
a pebble surface, and these chipped river pebbles, the smaller of which 
belong to the type generally referred to as "paleolithic" in the United 
States. 

With one exception (the large one from Fry's Run on the Delaware,) tliey 
represent that region of the Upper Susquelianna lying between the glacial 
moraine at Beach Haven on the eastern branch and the mouth uf the 
Juniata, the gravel beaches and hard clay banlcs with relic-bearing strata 
on shore and island, at Saw-mill creek, Mahoning, Pulaski, Johnson's 
creek and Hall's island. 

[A drawing showing the geological structure of the river bank and the 
position of the specimen was exhibited.] 

That these chipped stones all fell from the discolored implement-bear- 
ing stratum in the upper part of the bank we need not positively assert, 
nor go into the question of the comparative absence of Indian remains on 
the surface of the fields above or the age of the loam stratum that over- 
lies the relic belt, whether it is the slow growth of vegetable mould, or the 
alluvium of comparatively modern freshets. Suffice it to state the impor- 
tant fact, that liere lie the stones in question strewn about in every case with 
potsherds, arrowheads, net sinkers and pitted stone hammers. 

When we find these conditions repeated six times at the places I have 
named, there is no guesswork in the inference that the chipped pebbles 
were the work of men who, knowing the use of wild hemp and rope- 
spinning, caught flsh in nets ; who had quarried jasper in sitUf for it is 
hardly possible that all the black arrowheads and chips on the beaches 
came from river pebbles of that material ; who understood the potters' 
art and who made polished celts, spear heads of flnished workmanship, 
and banner stones. 

Let us look at the specimens and let us class with them this pebble 
from which we believe a **Tesh-o-a" has been skilfully chipped, found lying 
amongst them. And here is the ''Tesh-o-a" itself. We know that it is a 
knife, for the Shoshonees, who fashion and use knives like this, have told 
ns so — a cutting implement with flne sharp edge all around it, knocked at 
one blow from a pebble. So useful, so easily made, so ready to hand 
wherever pebbles lie together on the earth, that the modem Indian, 
equipped with gun, iron knife and government blanket still uses it, as he 
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would use the fire drill at a pinch, as a thing elemental, common to the life 
in nature, as one of those ancient secrets not to be forgotten save by the 
artlflcializiog of all the conditions of his life. 

But it Is of these other flake knives that I wish particularly to speak, 
because though made like the tc^hoa, at a single blow, they are obviously 
simpler, because having been knocked from the edge rather than the mid- 
dle of a pebble, they have required less skill and force in the concussion 
that produced them. 

Scattered about among the "teshoas** and stone hammers, with their 
cutting edges similarly dulled by well weathered marks of usage, is It 
easy to help believing that they were made for the same purpose? And 
that these large chipped masses, lying with hammerstones hard by, some- 
times showing no signs of use on their cutting edge and often weighing 
fifteen to twenty pounds, were anything but the nuclei from which these 
knives were flaked? Yet, while allowing this, that the chips and not the 
nuclei were, in some cases, the real implements sought after, we realize at 
the same time that the first few blows of stone upon stone, pebble upon 
pebble, whatever the end aimed at, must have produced strikingly similar 
results, that many of the chips were not knives, and many of the nuclei 
were not knife-material. 

ArgiUite and sandstone blades were made on the Delaware and Susque- 
hanna from river pebbles at work sites like Fuint Pleasant, where the 
fiakes and cores though resembling these, had a different meaning. There 
were Jasper quarries at Durham and Saucon creek where the chief story of 
the refuse may be that of blade making. Indeed the savage probably chipped 
stones for many purposes as yet undreamed of. 

Let us only Insist that here were six cases where the stone chippers' 
object was to make fiake-knives, and that at these sites one distinct pro- 
cess has been added to those already studied and classified as illustrative 
of prehistoric life In America, a process, which like the art of making "te- 
shoas," that seems but a refinement of it, may well have been too useful, 
too handy, too adequate to the needs of savage life ever to have been dis- 
carded by the North American in his stone age. 

On the other hand we may ask the important question, whether the 
process was not too simple and rudimentary ever to have been preceded 
by any other proce.«is. 

If there was a time when man first chipped one stone with another 
and who can deny It?— how shall we Imagine him proceeding straight- 
way to make an implement at ten blows, when he got one at one, making 
a ' 'paleollth*' before he k new that the first chip therefrom would cut? And 
can we easily help regarding this chip-knife next only to the hammer- 
stone that made It, as the type of the most venerable of all stone imple- 
ments, the first cutting tool of stone fashioned by the hand of man to arm 
himself for his early conflict with the forces of nature. 

In a word supposing the first comer to the shores of the Delaware to 
have been paleolithic man, it is not easy to see how he could have avoided 
making specimens like these. 



Digitized by 



Google 



AITTHBOPOLOOT. 289 

Bat thefie flake-kDlyes, we may infer, were not always chipped from 
large boulders any of which is a Jtieavy burden for a man. 

Take a smaller pebble and knock a few chips from it, for the same 
purpose. Have you not in the act hit upon another way of accounting for 
certain of the forms from Trenton? And are you not driven to seek 
for some cl«w outside the shape of your specimen, in attempting to assign 
for it a relative age ? 

Now we know that these particular flake-knives and cores are as mod- 
ern as pottery and net-sinkers, in the sense that the specimens from the 
Durham and Flint Ridge quarries are modern, and that those from Piney 
Branch, which they resemble, are modern, and let us find, as I have found, 
**paleoliths" or **turtlebacks'* of argillite, sandstone, quartzlte an^ jasper, 
which may be clilssed as modern **f allures," "blocked out blades" or knife 
material as the case may be, on the Delaware at Point Pleasant, Ridges 
Island, Gilmer's Island, Hickory Run, Gallows Run, and Upper Blacks 
Eddy, but by no means, let us push the inference too far ; for what proof 
or even probability is there that precisely similar objects are not to be 
found in a deeper geological horizon in the same valleys where, disasso- 
ciated with tokens of the later Indian, they represent the work of men 
preceding him by thousands of years ? 

What if the so-called ''paleolithic" form must be Anally given up as a 
type? What if it represents no particular period whatever in the past of 
the American stone age? 

Once forced, as we are, to admit that a man inhabiting the valley in gla. 
cial times could hardly have avoided chipping stones like these, we realize 
that tfhere are years of careful search ahead of us, that there are scores of 
sand pits, railroad cuts, wells and falling banks to be closely examined, 
that there are thousands of dollars to be spent in the days' wages of 
laborers digging trenches on the shores of the rivers that drained the great 
glacier, before we venture to conclude and be positive. Since the one 
thing which can flnally identify such stones as the handiwork of a River 
Drift man, whether ** paleolithic" or ** neolithic," or settle their relative 
age beyond a doubt, is not their shape, or waterworn appearance, their 
association or disassociation with supposed later Indian remains, or their 
classification with flake-knife material or half finished blades, whether at 
Durham, Flint Ridge, or Piney Branch, but their stratographic position. 



A21CIBNT EARTHWORKS IX ONTARIO. By C. A. HiRSOHFBLDER, U. S. Con- 
sulate, Toronto, Canada. 

[ABSTRAOT.] 

Tbr author described a number of forts which he has surveyed in the 
old Huron country, which was located in Simcoe County, Province of On- 
tario, Canada. With the exception of a peculiar hold in South Villia 
township, the various earthworks appear to have been made and used 
solely for defensive purposes. Some are on a large scale and most of them 
bear evidences of considerable age. 
A. A. A. S. VOL. xu. 19 
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In this part of the fort. This crescent, it is claimed by the author, is but 
the remains of a complete circle that once existed here. The larger part 
of the earth circle was removed when the main works were constructed 
to extend the area of level ground referred to. The portion remaining is 
270 feet in length. The complete circle was about 280 feet In diameter, 
and had probably but one passway which is plainly visible at the present 
time in the middle of the part remaining. 

The gateways in the walls of the fort are difficult of explanation, in 
view of the works having been constructed for defensive purposes. We 
find no evidence that they were provided with means of closure in times 
of danger. We may look at all the circumstances surrounding the people 
who inhabited the place and the object they had in view in fortifying their 
town or city, and we find no very satisfactory explanation for so many 
gateways. They no doubt served as pass-ways for the citizens, and most 
likely were of some strategic value. 

Is there any evidence that all the earthworks at Fort Ancient were not 
constructed at the same period of time? TMs question the author believes 
has never been mooted. And he gives reasons for believing that the long 
enclosing walls were constructed at a much later date than the parallel 
walls and mounds. 



Singular copper implements and ornaments from the Hopewell 
GROUP, Ross couNiY, Ohio. By W. K. Moorkhead, Xenia, Ohio. 
[abstract.] 
A brief account of some of the axes, plates, sheets, stencil-like figures, 
ornaments, combs, bracelets, spool- shaped objects, headdress, and other 
objects made of copper found in a large tumulus In Ross Co., Ohio, during 
an exploration carried on for the Ethnological and Archaeological depart- 
ment of the World's Columbian Exposition. 



The ruins of southern Utah. By Warrkn K. Moorehead, Xenia, Ohio. 

The first of March, an expedition consisting of eleven men left Durango, 
Colorado, for the purpose of examining the ruins of southern Utah. The 
members of the party were aware that the more important ruins upon the 
San Juan River and its tributaries had been explored by Messrs. Jackson, 
Holmes and others. Hence, we desired to cover such territory as had not 
been entered by the government surveys and to examine such ruins as pri- 
vate individuals had hastily viewed. In this paper particular attention 
will be called to the work done along the Colorado river and its side 
cafions. 

In taking a general review of the San Juan country, one observes two 
classes of ruins, — ^the boulder dwellings, and houses of hewn stone. One 
might subdivide the hewn stone structures according to location and say 
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that they occupied cayea In the cafion side, promtnent points tq>on the edge 
of cafions,— or, when located in fertile mesas, took the form of large com- 
partment houses,— commonly known as paeblos. The boulder roius inva- 
riably occupy the mesa and are not found upon the caSon bluffs or in the 
caSons themselyes. 

If we mistake not, these facts were noted by Messrs. Jaclcson and Holmes. 
One might go still further and say that all the hewn stone ruins repre- 
sented the same architecture, whether located In the caves or upon the 
mesa, whether comprising one or two rooms or several hundred rooms. 

Upon reaching southern Utah a survey finds very rich material for ex* 
ploration. Few individuals have ever visited the ruins of Epsom Creek, 
Cottonwood Creek, or the MoCombs Wash. 

Among the ruins in the main cafion of the Colorado, Mr. Chas. MacLoyd 
is the only person who has carried on extensive work. He has spent two 
winters in making photographs and drawings and in collecting objects 
buried in the ruined houses. Although he was accompanied by a num- 
ber of men, he found the ruins so extensive that he was able to visit but 
one-third of them. Many small caSons extending back from the Colorado 
two or three miles, ended in semi-circular amphitheatres, with sides rang- 
ing from two to five hundred feet in height. Such gorges are called box 
cafions. A small trail barely wide enough to allow a person to descend on 
foot, leads from the mesa into the cafion. Upon descending, one finds the 
caves literally filled with buildings of various sizes. In caverns having a 
dirt fioor, there are seldom stone buildings, but instead, a most singular 
and unusual type of dwelling. Upon inspecting some of the caves, stone 
slabs four or five feet across were seen upon the surface. Perhaps the 
sands and dust, which the winds had swept within, half covered these 
stones. Upon removing them openings two or more feet in diameter 
were disclosed leading into dome-shaped cavities. It is not without diffi- 
culty that a person Is able to lower his body into the dark uninviting 
depths of the cave. 

The chamber had the appearance of a bell, small at the top and large at 
the bottom. The rooms averaged six feet in depth and seven in width at 
the bottom. There are as many as twenty of these rooms in one cavern. 
Many of them penetrated through the clay and were excavated into the 
soft sandstone beneath. Small doors at the sides frequently led from one 
to another so that a whole series of ten or fifteen rooms would be con- 
nected. Some of th«; smaller underground rooms were used as granaries, 
and several were discovered filled with seed»and corn. Skeletons were 
frequently found in the rooms accompanied by textile fabrics, deer-akin 
garments, flint implements, etc. In no instance was pottery found in the 
underground rooms. The cafions are so dry that everything used by the 
inhabitants of both cave and clifr dwellings was preserved almost as per- 
fectly as the day it was buried. For instance, the f ol i owing were obtained : 
beautiful feather-cloth robes and head dresses of the smallest feathers, 
rendered mouse colored by age ; pieces of spindles and cotton fabric in va- 
vious processes of weaving ; cotton seeds and cotton cloth garments, many 
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of which were painted in fanciful designs ; buckskin robes, on the inner 
side of which were picture writings, similar in character to the winter 
coats of the Sioux. Bone, obsidian and flint cutting-implements, mounted 
in original handles, stone spears, with the shafts six or eight feet in length, 
basket work, blankets, pottery and many other objects and implements 
8Qch as were used in the everyday life of the savage. The most interest- 
ing and valuable part of the collection were the mummies. They com- 
prised some twenty men, women and children wri^ped in feather cloth, 
buckskin garments and cotton cloths, many of them with sandals still upon 
their feet. 

The atmospheric conditions for the preservation of these mummified bod- 
ies were exceedingly favorable. The skin remains dry upon the face and 
other parts of the body.. The eyebrows remain intact, the lips seem 
rather full, the hair is still attached to the scalp, the larger muscles of 
the body are all preserved, the nails remain upon the fingers and toes, and 
the weight of the entire body is about twenty pounds. The mummies as 
found in the wrappings were three and a half feet in length. The limbs 
were doubled and the knees drawn nearly to the chest. The friends of 
the deceased removed the heart, lungs, bowels, and other internal organs 
before burial. This is plainly shown by an incision in the abdomen of 
each subject. Children have been occasionally found in the arms of 
adults, presumably their mothers. 

Small squashes, gourds, beans, corn, and cotton seed occasionally accom- 
panied the interment. Numbers of singular objects have also been found. 
For instance, bundles of feathers, small strands of cotton rope, raw-hide 
thongs, crutches, medicine wands or sticks two or three feet in length 
with the claws and teeth of animals, beaks of birds, pieces of obsidian, 
etc., tied to one end. Baskets usually covered the head of the mummy. 
Frequently the door of the room in which the mummy was buried had 
been walled up. Occasionally a burial occurred in an ash-heap in the rear 
of a dwelling. 

During our journey we covered some sixteen hundred miles of territory, 
and in order to be more expeditious, split the party into two sections. 
Considerable excavating was done in the cemeteries in the valley and mesa 
ruins. The graves presented a uniform appearance. They could be divided 
into two classes, those skeletons found five or six feet deep occupying 
hollow stone vaults, those but two feet from the surface buried in the 
sand. Beautiful pottery, bone implements, minute arrowheads, bone 
spoons, beads, and shells accompanied the grave burials. 

We found every river and creek Uterally lined with boulder ruins and 
small pueblos. The ruins did not exist, as in the Ohio valley, every few 
miles : they actually were continuous. In our opinion, no section of the 
country can be found where an Institution could make larger collections 
in a short time in southern Utah. For instance, up Cottonwood creek, 
fifty miles north from the Mormon settlement, there is a section about 
twenty miles square, containing a great many caves and valley ruins, which 
were practically unknown at the time of the government surveys from 
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1876 to 1880. The larger of these caves contain good springs. Seveial 
large cemeteries and pneblos occupy the surrounding plain. 

Some very interesting facts are obtained from the explorations of 
the ruins. No copper or metal of any kind has been found in the cliff 
houses or in the caves. All cliff houses and dwellings upon the edge of 
the cliffs were bnUt manifestly for defence. The cliff houses themselves, 
whether large or small, have but one main entrance. That entrance faces 
the caSon. Each room contains a number of port holes pointing in every 
direction. The larger rooms frequently contain as many as twenty or 
thirty of these port holes, all of which are neatly and smoothly plastered, 
so that an arrow may be conveniently discharged through them. 

In some of the stone buildings and in the caves, turkey dung covers the 
floor to a depth of two or three feet. Upon the walls in the rear of houses 
are usually hundreds of sculptures and rude paintings. Many, many times 
the turkey and the wild goat are shown in the pictographs. Hence, 
we conclude that aside from what was grown by means of irrigation, 
primitive man in the San Juan country lived largely upon the goat and the 
turkey. 

No metal has been found in any of the ruins, and such caverns and pueb- 
los as we saw bore no evidences that the builders were associated with 
the Spaniards. Our observations led to this conclusion. The region was 
inhabited by two and possibly three tril)es more or less alike in manner of 
living, in agriculture, in pottery making, in weaving, and in other arts. 
They differed in unimportant matters. For instance, the Cliff and Cave 
dwellers made mummies of their dead, the Valley dweller placed his in 
graves. One flattened the skull by artificial pressure, the other did not. 
One lived in inaccessible fortresses, the other dwelt upon the plain. It 
seems to us that these differences are not sufficient to warrant us in setting 
them apart from each other as distinct and separate peoples. 



A FEW PSYCHOLOGICAL INQUIKIBS. By Laura Osbornb Talbott, Wash- 
ington, D. C. 

[ABSTRACT.] 

A DREFER Insight Into the child's mind seems to be needed before mnch 
can be accomplished in the way of a true and satisfactory education. 

In studies in anthropology, observations npon the evolution of the hu- 
man mind and its results, are of the utmost importance. 

Great interest attaches to the different degrees of progress made by the 
human subject at different periods and in diiSlerent countries during past 
ases. 

It is the mental vision or that power popularly known as the imagination 
which has been roost active among the aborigines, and which has produced 
their quaint folk lore, and characteristic designs and belief^. While strlv- 
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Ing to iinraYe] the mysteries of the sava^^e mind, and consequently of the 
development of oor race, may we not find it advisable to give more study 
and attention to the inner worlclngs of the child mind of the present day? 

In our dally intercourse with our fellow human beings, no more impor- 
tant factor is to be noted in its actions and results upon the welfare of 
mankind, than that power of the mind which sees visions, or conceives 
new ideas from materials already existing in the mind. 

There are undoubtedly numerous points of view from which this subject 
can be discussed, the present object is far from philosophical, but simply 
to urge a few practical inquiries as to the manner of directing the awak- 
ening powers of the child mind that may save our youth trom the mis- 
takes of a misguided imagination. 

The imagination, or the power of mental vision, is the faculty, par ex- 
cellence, upon which religion, art and commerce depend for their exist<^ 
ence; banish the results of Imagination from the world and what would 
be the condition of society? All the best things of our civilization would 
disappear and we should return to a state of barbarism. For unless the 
mental vision is aroused to receive Impressions, no more effect will result 
than when the bodily eye Is closed to impressions from physical objects. 
This condition of the mind which we term imagination has a close com- 
panion in the reasoning f)&culty, and the question arises; Which is the 
superior? In the little child the power to see visions is as great, if not 
greater, comparatively, than in the grown man. A lonely child will fill 
the room and vacant chairs with pleasant companions and derive great 
enjoyment flrom their imaginary conversations. 

Thieves, knaves, magicians, juggling politicians, orators, and all classes 
of persons who desire to control the wills and energies of their fellow men 
understand In some degree the utility of diverting the imagination. 

Even various systems of religion have sought to attract their followers 
by working upon their Imaginations through artistic rites and ceremonies. 
Physicians often depend upon affectiiig their cures through the Imagina- 
tion. 

To educate this power of mental vision aright would be soon to explode 
many of the popular isms, and fashionable beliefs of the day, and establish 
society on a surer and firmer foundation. 

Certain teachers have acquired the power of awaking early in the youth- 
Ail mind the power of insight. Why was Dr. Hopkins such a famous 
teacher? Was It not his method by which he aroused the thinking pow- 
ers of the boy, and, by careful leading, opened his mental vision to a broad 
and expansive view of his fellowmen and of the universe? 

This is the need of all of our children of the present day, to be strength- 
ened In their mental powers, particularly In their imagination, and If the 
teacher has not a realization of this necessity, then public opinion or 
school overseers should see to it that freer exercise of the mind with refer- 
ences to practical affairs of life and a more generous culture should be 
given to the pupils. Investigations should be Increasing, and at the same 
time unfelt by the child itself, in order to keep the imagination firm and 
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strong. Id France experts who do not Instmct are employed In the schools 
to go about among the chTldren and, by association and detection of Idio- 
syncrasy, Btrlye to strengthen the power of each child's mental actlvtties 
In such directions as shall nmke them roost nseftil in active life. 

Is it not more htdhrktaal attention oar children need and more careAsl 
insight exercised over their mental development, at tbe same time per- 
mitting greatest fh'eedom of mental growth, and not the herding of chil- 
dren with all their inherited tendencies, by the hundreds under the care 
of a few teachers, who have no thne, strength or thought to attend to the 
peculiarities of liYdividnal deyelopment? 

The mental powers seem to undergo as many changes Iv their growtii 
from Infancy to maturity as do the physical powers. 

Those persons, in whom well-trained power of mental rlslon has been 
attained, have been of inestimable benefit of mankind. Theodore Coyler, 
Oliver Wendell Holmes, Emerson and Macaulay,a]l peculiarly good think- 
ers, have understood very clearly the value of this mental vision, and 
seemed to bold it well in hand for the benefit of mankind. 

Greater power of mental vision would soon bring men to understand 
each otbeflB situation better, and sooner unite mankind Into a perfect uni- 
versal brotherhood. 



DSHONSTKATION OF A KECEm'LT DISCOVKBKD GEREBBAL POBTA. By ChaS. 

Porter Hart, M.D., Wyoming, O. 

[AB8TBA0T.] 

This paper consists of a few observations, accompanied by a series of 
photographic views, of a portion of the brain which has until recently 
escaped microscopic examination. 



Pueblo mttrs Ain> ceremonial dakces. By Frakk H. Gushing, Bureau 
of Ethnology, Washington, B. C. 



An ancient hearth in the stratifekd gravels of the banks of the 
Whitewater river, Ino. By Amob W. Butler, Brookville, Ind. 



Exhibition of a skull of a pig, found in Ohio, having a funt arrow- 
head IMBEDDED IN THE BONE. By Prof . £. W. Claypole, AkroB, 
Ohio. 



Plan of the ruins of Tiahuanaco. By A. E. Douglass, Harvard Ob- 
servatory, Ariquipa, Peru. 
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Ihvolitntary movbmbnts. By Prof. Joskfh Jastrow, Madlaon, Wis. 
[To be printed in Popular Science Monthly.] 



ExBiBrnoN of pottery from a mound on thb banks of the Illinois 
RIVER, NEAR Feoria, III. By Dr. J. KosT, Adrian, Mich. 



A definition of anthropology. By Prof. Otis T. Mason, Curator of 
Ethnology, National Museum, Washington, D. C. 



The department of ethnology of the World's Colombian Exposition. 
By Prof. F. W. Putnam, Chief of the Department, Cambridge, Mass. 



EXHIBmON OF A MODEL OF THE SERPENT MOUND OF AdAMS CO., OhIO. 

By Prof. F. W. Putnam, Curator of the Peabody Museum, Harvard 
University, Cambridge, Mass. 



BePORT OF COMMITTEE ON INTKRNAIIONAL CONGRESS OF ANTHROPOLOGY. 

The committee appointed by Section H to consider and report upon the 
subject of an International Congress of Anthropology at Chicago during 
the World's Columbian Exposition report as follows : 

They believe that a Congress of Anthropology should be held and that 
the Congress should hold a session for one week, meetings occurring 
daily from Monday to Saturday inclusive ; the meetings to be in the morn- 
ings, leaving the afternoons free for examination of the interesting ma- 
terial at the Exposition. 

The Congress to be divided into at least three sections, as follows :— a 
Section of Physical Anthropology, a Section of Ethnology and Ethnog- 
raphy, and a Section of Archaeology. 

The Executive Committee of the Congress to consist of the President 
and Secretary of the Congress, the President and Secretary of each sec- 
tion, and three members appointed by the Committee of Anthropology of 
the Congress Auxiliary of the World's Columbian Exposition. 

The time of the Congress to be the week beginning on the Monday fol- 
lowing the meeting of the American Association for the Advancement of 
Science for 1898 (or Aug. 29 to Sept. 8 both dates inclusive). 

A permanent committee of five persons from Section H of the American 
Association for the Advancement of Science to be appointed to carry out 
the plan herein suggested* 
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The endorsement and codperatlon of the American Folk liore Society 
and of the American Psychological Society to be invited by the Conmiit- 
tee. 

For the Committee, 

FsEDEBiCK Starr, Secretary. 

The Section accepted the report of its committee and appointed the fol- 
lowing as a committee with full powers to carry out the plan proposed 
and to fill vacancies and to add to their number if desirable : — 

D. G. Brinton, F. W. Putnam, W. H. Holmes, Joseph Jastrow, Freder- 
ick Starr. 

Upon the Council of the Association requesting each section of the As- 
sociation to appoint a committee to cooperate with the World's Congress 
Auxiliary in the organization of such congresses as pertain to the sciences 
of the several sections, the above-named committee was again appointed 
as the committee requested by the Council. 

At the following General Session of the Association, on the recommend- 
ation of the Council, this Committee, with the committees of the eight 
other sections, was made a General Committee of the Association to co- 
operate with the World's Congress Auxiliary for the purpose named. 

Wm. M. Beauchabip, 

Secretary of Section H. 
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LESTER F. WARD, 

Vice President, Section I. 



THE PJSTCHOLOGIC BASIS OF SOCIAL ECONOMICS. 



The object of my remarks this afbernoon shall be to emphasize 
the distinction between that system of political economy which is 
based upon the actions of the human animal and that system which 
is based upon the actions of the rational man. The former is the 
prevailing system of the schools as taught under varying aspects 
by the physiocrats, Adam Smith, Bicardo and Malthus. Its under- 
lying principles are set forth in the writings of Herbert Spencer and 
constitute the warp of modern individualism. The latter has from 
time to time been dimly foreshadowed by certain writers but has 
never taken any scientific form except in a little known work by the 
present writer.' Although its distorted image is reflected in nu- 
merous more or less obnoxious forms from the mirror of public opin- 
ion, its real shape is quite unfamiliar to the greater number even of 
the best informed persons. 

Auguste Comte recognized the influence of mind in society and 
placed psychology where it belongs in his hierarchy of the sciences, 
but he refused to give it the rank of a science distinct from biology 
and classed it as a department of that science, calling it ''transcen- 
dental biology." Nevertheless, in his discussions he gave con- 
siderable weight to it, laying stress on the elements of prevision 
and the control of social phenomena. Spencer, on the contrary, 
while he treated psychology at length and assigned it the same 

^ Dynamlo Sociology. D. Appleton A Co., New Tork* 1888, 3 toU. 

(801) 
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position that Comte did, failed to make it the basis of either his 
sociology or his ethics, both of which in his system rest directly 
upon biology. His psychology, therefore, which, indeed, was 
written before his biology and largely from the standpoint of 
metaphysics, stands isolated and useless in his system of synthetic 
philosophy. 

The question is whether the phenomena of social, political, and 
industrial life rest primarily upon or grow chiefly out of the facts 
and laws of biology or those of psychology. It became early 
fashionable, in the name of science, to treat the uniformity and in- 
variability of natural phenomena displayed in the astronomical and 
physical world, as extending also to animal life including the oper- 
ations of economic forces in society. The correctness of this view, 
considered in the abstract, cannot be questioned, but the econo- 
mists of that time did not sufficiently understand the nature of 
such complicated phenomena to make them the basis of a political 
or industrial science. The time has scarcely come as yet when 
we can do more than carefully feel our way along this obscure path ; 
but the flood of light, which motlern science since Darwin has 
shed upon the whole domain of biology, has not only pointed out 
the erroneous character of the prevailing mode of reasoning, but 
has- shown at least one, and this the most fundamental source of 
the error which pervades it. This consists in practically ignoring 
the existence of a rational faculty in man, which, while it does not 
render his actions any less subject to true natural laws, so enor- 
mously complicates them that they can no longer be brought within 
the simple formulas that suffice in the calculus of mere animal 
motives. 

While the subject, as thus outlined, is primarily a psychologic 
one, viz., that of determining the true r6ie that mind has played in 
the industrial history of the race, the question at issue is essen- 
tially an economic one. There are two distinct kinds of economics, 
biological economics and psychological economics — the economics 
of life and the economics of mind. That is to say, there are two 
kinds of economy which it is of the first importance sharply to 
contrast, the economy that prevails in the animal world, in the 
domain of life, in organic nature generally, and the economy that 
prevails in the human sphere, in the realm of mind, in the domain 
of reason. 

Every one is now familiar with the general nature of animal 
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economics. It is the survival of the fittest in the struggle for ex- 
istence. It is the mere phj'sics of life. Just as in the physical 
world and the great clash of mechanical forces, the superior over- 
come the inferior and what we see is the resultant product of the 
struggle, so in the great struggle of life the forms that exist are 
such and only such as were able to survive the ordeal. But in 
biology the forces are the various tendencies to grow and develop 
including animal appetites, wants and desires. These are ever 
seeking satisfaction, and only their relative feebleness can prevent 
them from attaining it. 

It was formerly supposed that organic nature was economical 
of its energies. Tlie facts early observed, that every organ is 
adapted to some function and that every creature is fitted for the 
place it inhabits and the life it leads, were supposed to indicate a 
state of perfect harmony in the entire machinery of nature involv- 
ing the maximum economy. Such misinterpretations were widely 
inculcated by optimistic writers and came at length to permeate 
the thought of mankind. The political economists seized upon 
them and made them the basis of their systems, and even the great 
philosophers were and continue to be affected by them. Still, 
nothing is now better known than that the great biologic law, in- 
stead of being economical, is extremely wasteful of energy. It is 
indeed true that everything that is made by nature is adapted to 
some function or use. This follows from the genetic method of 
evolution. Everything that exists is pushed into existence by a 
vis a tergo. Nature only works through eflScient causes. The 
universal life force is perpetually creating new organs and new 
forms, and these must be adapted to their environment, otherwise 
they cannot even be brought into being. But this adaptation need 
only reach the minimum stage. If it is suflScient to insure continu- 
ance the end is attained, though higher degrees are always being 
aimed at. Tlie means, however, through wliich the world is keot 
peopled with life are far from being the most economical conceiv- 
able. They often seem to be the least economical conceivable. 
They are just such as all the circumstances of each case combine 
to produce. The cost of accomplishing a given end is wholly im- 
material from a purely biological standpoint. The extravagance 
of nature has long been perceived even by political economists but 
they have failed to see that its admission was fatal to their physi- 
ocracy. Malthus showed that but for premature deaths, population 
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would increase beyond all boands, and be also foresbadowed Dar- 
win's law of natural selection by proving tbat this mortality was 
really caused by competition and the struggle for existence. We 
DOW know tliat in the animal and vegetable world, but for tliis 
wholesale destruction of those that have been bom, any one species 
would soon overrun the earth. But the cost of bringing forth one 
of these unfortunate beings that are destined to perish at some 
early period in its history is as great as that of bringing forth one 
that is to reach maturity and contribute to the perpetuation of the 
species. Consider then the enormous waste involved in this meth- 
od over a method which should only bring forth the number neces- 
sary to maintain tiie species at its maximum or desired limit and 
should preserve all that came into being until they had accomplished 
their mission. In oviparous creatures the destruction begins with 
the eggs, and to meet this these are often produced in prodigious 
numbers. The sturgeon is not an abundant fish, and yet the fe- 
male spawns a hundred thousand ova. If all these could live one 
pair would stock all the rivers of America. The number of eggs 
spawned by a single eel sounds too fabulous to be believed, while 
in the lower invertebrate world llie figures grow still more astound- 
ing, as for example that a tape-worm should possess a billion ova. 
In the vegetable kingdom we encounter the same class of facts. 
Burst apufi'-ball and the air is filled with smoke, but each element 
of that cloud consists of a minute spore ready to germinate if by 
the rarest chance it shall find a suitable habitat. Some one has 
been to the trouble to determine the number of spores yielded by 
a plant of the common mould, and reached the incredible figure of 
three billions two hundred millions. But even among higher plants 
the same prodigality is seen. A large chestnut tree in June prob- 
ably contains a ton of pollen, and many pines are equally laden 
with it, destined to be blown by the winds and floated hundreds of 
miles in the upper atmosphere. There are also many plants, like 
the orchi<1 and the broomrape which bear myriads of minute seeds, 
not one in many thousand of which ever has an opportunity to 
germinate. These are only a few examples. Everywhere in nature 
the vital energy is squandered in the most prodigal manner. The 
amount expended on any one species would, if economized, carry 
on half the activity of the animal or vegetable world. 

No one, so far as I am aware, has attempted to formulate the 
true law of biologic economics. Much has been said of the law of 
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parsimony which is only a very subordinate one sometimes called 
into exercise, but of the great law of prodigality, which is univer* 
sal, no adequate definition has as yet been offered. As the law of 
life in organic nature does not essentially differ from the law of 
force in inorganic nature, it may, for the sake of brevity, be desig- 
nated as the law of nature^ with which it is important to contrast 
the psychologic method, or the lavo of mind. 

The complete law of nature is capable of being divided into two 
parts or members. We have seen that it is always directed toward 
some useful end and that from its very nature as a genetic process 
it is incapable of producing any necessarily useless thing. Its 
products must therefore all possess a possible or potential value. 
This part of the law may therefore be expressed by the formula 
that every creation of o^yanic nature has within it the possibility of 
success. Thus far the biologic law is economical. But, as we 
have seen, only the minutest fraction of that which is created be- 
comes an actual success. The second member of the definition 
must therefore be framed to express this truth. The principle that 
underlies it may be called the necessity for certainty^ or the para- 
mount importance of certainty. It might also be called the multi- 
plication of chances. There seems to be no limit in nature to the 
degree of energy that may be put forth in the direction of securing 
certainty. The chances' of survival will be multiplied a thousand 
times in order that certainty may be made a thousand times cer- 
tain. Tlie second member of the law therefore is that in order to 
secure certainty the chances may be indefinitely multiplied. The en- 
tire law may then be thus formulated : All energy expended by or- 
ganic nature results in potential utility j a7id actual utility is secured 
iJirough the multiplication of efforts. 

The first member of this law may be characterized by the term 
practical. The second member may in like manner be called prodi' 
gal. Nature is therefore at once the most practical and the most 
prodigal of all economists: practical in that she never makes any- 
thing which has not the elements of utility : prodigal in that she 
spares no expense in accomplishing even the smallest results. 
Again, nature may be said to be engaged in creating every con- 
ceivable form. Everyone is familiar with the wonderful variety 
in the actual forms of vegetable and animal life. But these, in- 
numerable as they are, only represent nature's successes. Inter- 
mediate between them there must be imagined an infinite number 

A. A. A. S. VOL. XLI. 20 
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of failures — conceivable forms in the prodaction of which the or- 
ganic energy has expended itself in vain — a vastly greater expen- 
diture than that required to create all that exists. Moreover, among 
the successful forms there are all degrees of success. There are 
the vigorous and robust forms rejoicing in a full measure of vitality 
and marching forward toward the possession of the earth. Then 
there are the weak and languishing forms which the former class 
is gradually crowding out of existence. Between these there are 
all the intermediate grades. But the successful are only tempor- 
arily so. Like human empires they have their rise and fall, and 
the path of natural history, like that of human history, is strewn 
with the remains of fallen dynasties and the ruins of extinct races. 
If the expenditure of energy be designated the cost^ then it may 
be said to be a characteristic of the law of nature to exaggerate the 
cost of any given result. The most economical way in which a 
river can flow is in a straight line from its source to its mouth. 
But even if one were to begin in this way it would, as a i*esult of 
this principle, soon become ci*ooked and then more and more crook- 
ed, until at length the actual distance traversed by every drop of 
water would be at least double that of a straight line. This physical 
law, which has been called the rhythm of motion, is carried into 
the organic world. The tendency is everywhere to exaggerate 
the irregularities of normal development. This goes on until it 
frequently results in abnormalities so great that they bring about 
their own extinction. Such were doubtless the strange dragons 
that, as paleontology tells us, inhabited the world during a certain 
geologic period ; while the more recent mastodon and mammoth, 
and those wingless birds of the southern hemisphere, one of which, 
the moa, once known to man, is already extinct, furnish other il- 
lustrations. In the vegetable kingdom the coal flora is full of ex- 
amples. Many living plants, either through parasitism, as the 
Kafflesia, which consists almost exclusively of a gigantic flower, or 
through extreme specialization, as in the orchids and yuccas, many 
of which are dependent upon a single species of insect which alone 
has organs adapted to fertilize their flowers, further exemplify this 
law. Such monstrosities inevitably perish with the slightest alter- 
ation in their material surroundings. The progress of organic de- 
velopment has thus been to a large extent the successive creation 
of types that have contained within themselves the elements of 
their own extinction. New ones, of course, have succeeded them 
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adapted for the time being to their environment, but destined in 
turn to outgrow tlieir conditions and perish from the same cause. 

In this sketch of natural or biologic economics its genetic cliar- 
acter has thus far been chiefl}' left out of view, in virtue of which 
effecls are always just equal to causes and never greater. The or- 
ganic force is applied directly to the object to be transformed, and 
the forms to be created are molded into the required shape by an 
infinite number of minute impacts, the sum of which is represented 
by the transformation accomplished. No advantage is taken of 
any mechanical principle whereby the effect is made to exceed the 
energy expended. Natural selection has, indeed, evolved structures 
that embody to some extent such principles. Sharp teeth and 
claws like edged tools represent the inclined plane, and it may 
sometimes be carried so far as to imitate the screw, as in the ap- 
pliances which some seeds possess for boring spirally into the 
earth. Again, there is no doubt that the manner in which muscles 
are attached often affords a true leverage and greatly increases 
the effect! venessf of muscular action. But aside from these curious 
cases in which natural selection seems to imitate rational design, 
effect throughout organic and inorganic nature is exactly equal to 
cause, and the result produced by living beings is proportioned to 
the effort put forth. No animal, for example, is ever seen to make 
use of any external appliance, not even to the extent of wielding a 
weapon, such as a club or a stone, which is not a part of its own 
organic structure. The beaver, indeed, builds dams by felling 
trees, but its tools are its teeth and no further advantage is taken 
than that which results from their sharpness and the way the mus- 
cles are attached to the jaws. All the warfare of animals is waged 
with tooth and nail, with horn and hoof, with beak and spur and 
fang and sting — always with organic, never with mechanical wea- 
pons. And whatever work is done by animals is alwa^^sdone with 
tools that nature has provided through a long course of develop- 
ment, none of which takes advantage of any principle of ph^'sics 
further than as already stated. 

Over against this method of nature, or biological economy, let us 
now set the method of rational man, or pschological economy. The 
most patent distinction which at once strikes the mind is that the 
latter is teleological instead of genetic and deals with final instead 
of eflScient causes. This means that while organic forms are merely 
pushed into existence by the pelting of atoms from behind, and 
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standpoint it be contemplated. It is, indeed, the full expression of 
the fact above stated that the tools of animals are organic while 
tiiose of man are mechanical. But if we contrast these two methods 
from our present standpoint, which is that of economics, we see at 
once the immense superiorit}* of the human over the animal method. 
First consider the economy of time. It has taken much longer 
to develop any one of the organic appliances of anii^als, whether 
for war or industry, than is represented by the entire period during 
which man has possessed any arts, even the simi)lest. Look next 
at the matter of efficiency'. Not one of the organic appliances has 
sufficed to enable the species possessing it to migrate far from the 
region to which it was originally adapted. Man, on the otiier hand, 
without acquiring any new organic adaptations, but by the invention 
of tools, by providing himself clothing and shelter, by artificial de- 
vices for capturing prey, and by other ways of transforming his 
environment, lies placeii himself in position to occupy the whole 
earth from the equator to the arctic circle, and to become the only 
animal that is not restricted in its habitat. 

Every implement of human design is calculated to take advan- 
tage of some mechanical principle through which the muscular force 
necessary to be exerted is less for any given result accomplished 
than it would be without sucli implement. In most cases it is 
many times less, but in the great majority of cases no result could 
be produced at all without the implement. Machines are simply 
more effective tools, and it is through tools and machinery that the 
arts have been established. The utter helplessness of man with- 
out the arts is well illustrated by De Foe in Robinson Crusoe, and 
yet in order to enable him to survive at all, even in a tropical cli- 
mate where nature's productions were exuberant, he must provide 
himself from the stores of the wrecked vessel with a considerable 
supply of tools and other artificial appliances. What was true of 
Robinson Crusoe thus circumstanced, is much more true of the great 
majority of mankind who inhabit what we call temperate climates, 
t. 6. climates in which the temperature sometimes falls ten or twenty 
degrees below the freezing point. One winter without art would 
suffice to sweep the whole population north or south of the thirtieth 
parallel of latitude out of existence. 

We are so much accustomed to the terms labor and production 
that we rarely stop to think what they really mean. Neither of 
these terms has any place in natural economics. All labor con- 
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monopoly of all things that are needed for its support. Any other 
species that consumes the same elements must, unless equally vig- 
orous, soon be crowded out. This is the true meaning of the sur- 
vival of the fittest. It is essentially a process of competition. 
The economicsof nature consists therefore essentially in the opera- 
tion of the law of competition in its purest form. The prevailing 
idea, however, that it is the fittest possible that survive in this 
struggle is wholly false. The effect of competition is to prevent 
any form from attaining its maximum development, and to main- 
tain a certain comparatively low level for all forms that succeed in 
surviving. This is made clear by the fact that wherever competi- 
tion is wholly removed, as through the agency of man in the in- 
terest of any one form, that form immediately begins to make great 
strides and soon outstrips all those that depend upon competition. 
Such has been the case with all the cereals and fruit trees ; it is the 
case with domestic cattle and sheep, with horses, dogs and all the 
forms of life that man has excepted from the biologic law and sub- 
jected to the law of mind, and both the agricultural and the pas- 
toral stages of society rest upon tlie successful resistance which 
rational man has offered to the law of nature in these departments. 
So that we have now to add to the waste of competition its influence 
in preventing the really fittest from surviving. 

Hard as it seems to be for modern philosophers to understand 
this, it was one of the first truths that dawned upon the incipient 
mind of man. Consciously or unconsciously, it was felt from the 
very outset that the mission of mind was to grapple with the law 
of competition and, as far as possible, to overcome and destroy it. 
This iron law of nature, as it may be called, was everywhere found 
to lie athwart the path of human progress, and the whole upward 
struggle of rational man, whether physically, socially, or morally, 
has been with this tyrant of nature, the law of competition. And 
in so far as he has progressed at all he has done so by gaining, 
little by little, the mastery in this struggle. In the physical world 
he has accomplished this through invention fiom which have re- 
sulted the arts. Every utensil of labor, every mechanical device, 
every object of design, and every artificial form that serves a human 
purpose, is a triumph of mind over the physical forces of nature in 
ceaseless and aimless competition. In the social world it is human 
institutions — religion, government, law, marriage, customs — that 
have been thought out and adopted to restrain the unbridled in- 
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These illustrations are drawn from one of the few departments 
in which permanent or at all prolonged competition is possible in 
society. In nearly all other departments the effect of intelligence 
is very different. It is mind alone that perceives that competition 
is wasteful, and therefore, in the interest of the very success that 
competition seeks, it proceeds to antagonize it and to substitute 
art, science, and cooperation. By the aid of these the success of 
those who use them is increased many hundred fold. Competition 
in society, therefore, tends to defeat itself. It cannot endure. It 
is at best only a transition stage. On the one hand, the competi- 
tion between individuals soon takes the form of competition between 
machines. On the other hand it takes the form of competition be- 
tween corporations. The former tendency is temporarily injurious 
but permanently beneficial. The latter is permanently injurious 
and becomes a serious menace to society. Still it is not an un- 
mixed evil since it prevents the waste of competition. Even the 
retail industries above referred to are coming within this law. The 
small houses are being swallowed up by large ones and great uni- 
versal stores are growing up in all large cities. They result in 
monopoly but they do not increase prices, and the quality of the 
goods sold is far more reliable. 

The social phenomenon which conforms most nearly to the pat- 
tern set in the animal world, and which is most under the influence 
of the law of nature and least under that of I he law of mind, is 
human labor. Wholly unskilled labor has rarely gone beyond the 
stage of pure competition. In the olden time skilled labor made 
a step forward in the formation of guilds, but the era of machinery 
swept these away. At the time when the foundei*8 of the present 
system of political economy were writing, labor of nearly every 
kind was almost exclusively competitive. It is only within a few 
decades that it has begun to fall under the influence of intelligence 
and to employ the simplest of all rational devices that of coopera- 
tion. Capital, (Sn the other hand, being naturally in the hands of 
the most sagacious members of society, has always combined and 
cooperated and used all the other arts of overcoming competition. 
The chief difference between the employers and the employed, until 
recently, has been that the former have used the rational method, 
while the latter have used the natural method. But such is the 
power of the rational method and its superiority over the method 
of nature that competing labor stood no chance in the struggle 
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ciple and they are as common in the industries of transportation 
and exchange as in those of production. The railroad, telegraph, 
and ^express systems fully illustrate the law, as does also the mer- 
cantile business of every country, in all of which competition is 
short, heated, and fitful, and the result is always the same — the 
swallowing up of the small industries by the great ones in ever 
widening cycles. 

And thus it comes about that nearly eveiy where in human society 
the law of mind profoundly modifies the phenomena of industrial 
life, and produces an entirely different class of results from what 
would be produced by the operation of the unimpeded law of nat- 
ural competition. Whether the competition be continued for a 
time or whether it be converted into a competition of corporations, 
or whether, finally, it resolve itself into complete monopoly, in any 
and all cases an enormous artificial difference will be produced be- 
tween the cost of production and the price to the consumer, and 
the latter will be pushed up to the maximum limit attainable with- 
out affecting profits. In the 6rst case this artificial difference is 
mostly wasted in aggressive competition, its only benefit to any 
one being that of doubling or trebling the number of persons who 
are enabled to live without productive labor. In the other cases 
and especially in the last, this difference goes to enrich the managers 
of trusts and to multiply millionaires. 

All this is so widely different from what we see everywhere in 
nature below the level of man's rational faculty, that it requires the 
application of an entirely different set of principles from those which 
can be applied to iiTational life. There competition is pure. It 
continues as long as the weaker can survive it, and when these at 
last go to the wall and the bettei:' adapted structures survive and 
triumph, it is the triumph of physical superiority, and the strong 
and the robust alone are left to replenish the earth. But when 
mind enters into the contest all genuine competition is crushed out, 
and while it is still, in a certain sense, the strong that succeed, it 
is a strength which comes from superior cunning, necessarily coupled 
with stunted moral qualities, intense egoism, and undeveloped sym- 
pathies, and always aided more or less by the mere accident of 
position. In no proper sense can it be said that this class is the 
fittest to survive in society. Considered from this point of view 
solely, it is evident that brains are a positive detriment to society, 
and if there were really no hope of discovering and applying a rem- 
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as an important economic factor. But it would then be divested 
of its fierce, crushing, and grinding character and reduced to the 
condition of friendly and healthful emulation which stimulates effort 
but does not work hardship. 

Neither should the influence of the higher attributes of reason 
and intelligence be discouraged. They ate the foundations of 
civilization and progress. But these, too, should be deprived of 
their fangs, and made to pursue the paths of peace, justice, and 
equity. This result, if it is ever attained at all, must be attained 
by a still higher application of this same law of mind — by the ex- 
ercise of these higher attributes by society itself. Such a power- 
ful weapon as reason is unsafe in the hands of one individual when 
wielded against another. It is still more dangerous in the hands 
of corporations, which proverbially have no souls. It is most 
baneful of all in the hands of those mighty compound corporations 
which seek to control the wealth of the world. It is only safe when 
employed by the social ego, emanating from the collective brain of 
society, and working for the common interest of the social organism. 

But the object of this address was not to point out remedies for 
social evils. It was, as stated at the outset, to show that any sys- 
tem of economics which is to deal with rational man must rest upon 
a psychologic and not upon a biologic basis. It may seem strange, 
in the light of all that has been said, that there should be any need 
of calling attention to this truth. And so it would be were it not 
that, in full view of all these facts, the prevailing system of social 
economics and social philosophy, completely ignores them and treats 
the human animal only as an animal. 

The old biological economics, culminating in the law of Malt hus, 
has broken down at every point where it has had a fair trial. Its 
leading tenets have proved false in practice, and in the majority 
of cases the truth can only be reached by reversing the propositions. 
It may be profitable to enumerate a few of the economic truths 
which have been established by the industrial history of the last 
century and which consist for the most part in the simple negation 
of the dogmas of political economy as based on the law of nature, 
unaffected by the law of mind. I will express them in the briefest 
form without any attempt to elaborate, illustrate, or justify them, 
this having been done on former occasions^ or by others, and it is 

> See eepeciaUy a paper entitled : " Some Social and Bconomio Paradoxes," in the 
American Anthropologist for April, 1889, Washiugtoii, Vul.ll, p. 119. 
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not pretended that the propositions contain anything not already 
familiar to most economists. 

1. Sufo-iistence increases instead of diminishing with population 
(negation of the dogma of Malthus). 

2. Competition usually has the effect to raise prices and rates. 

3. Free competition is only possible under social regulation. 

4. The evils of private monopoly can only be prevented by a 
resort to public monopoly. 

5. In consequence of ignorance the individual cannot be depended 
upon to act according to his own interest, and the principle of 
caveat emptor works an unnecessary hardship. 

6. The consumer cannot be depended upon to encourage the 
better producer, and competition results in deterioration. 

7. The interest of the individual is rarely the same as that of 
the community. 

8. Market values and social values are not identical, as e. ^., 
those of a forest. 

9. In an increasing number of cases the hope of gain is not the 
best motive to industry. 

10. Public service will secure better talent than private enter- 
prise for the same outlay. 

11. Private enterprise through aggressive competition and mo- 
nopoly taxes the people far more heavily than does the state. 

12. The prosperity of a community depends as much upon the 
mode of consumption of wealth as upon the quantity produced. 

13. The social effects of taxation are more important than their 
fiscal effects. 

14. The producer cannot always shift the burden of taxation 
upon the consumer, e. ^., under monopoly and aggressive compe- 
tition. 

15. True protection often reduces the price of the commodity 
protected, sometimes even in the importing country. 

16. Capital, as equivalent to machinery, contributes more than 
labor to the production of wealth. 

17. Wages are drawn from products and not from capital, and 
the "wages-fund" is a myth. 

18. Increase of wages is attended with increase of profits. 

19. Prices fall as wages rise. 

20. Diminished hours of labor bring increased production. 

21. Reduction of the time worked enhances tlie wages received. 
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The enumeration might be continued to almost any length, but 
the above will suffice to show that the doctrines of physiocracy, 
laissezfaire and Spencerian individualism, and the biologic economy 
in general, are not sustained, and that the facts which society pre- 
sents are for the most part the reverse of those which were promised 
by them. The explanation is that the old political economy is true 
only of irrational animals and is altogether inapplicable to rational 
man. Darwin modestly confesses that he derived his original con- 
ception of natural selection from the reading of Malthus on popu- 
lation. But he did not perhaps himself perceive that in applying 
the law of Malthus to the animal world, he was introducing it into 
the only field in which it holds true. Tet such is the case, and 
for a reason that has already been given, viz., that the advent with 
man of the thinking, knowing, foreseeing, calculating, designing, 
inventing, and constructing faculty, which is wanting in lower crea- 
tures, repealed the biologic law or law of nature and enacted in its 
stead the psychologic law — the law of mind. 

A. ▲. A. S. VOL. XU. 21 
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Competition and combination in nature. By Henhy Farquhar, U. S. 
C. & G. Survey, Washington, D. C. 
The customary courtesy of our Association, shown in receiving without 
remark, and particularly without adverse criticism, the inaugural ad- 
dresses of its Vice Presidents', is not any the worse respected by indulging 
an occasional transgression of the rule ; and some reasons appear why one 
such transgression might not unprofltably be permitted to this Section at 
this meeting. In the first place, our presiding officer is himself too zeal- 
ous for truth to seek protection from any blows and knocks which his 
pursuit of it may bring upon him, or to receive even the stoutest attack 
(if made in the spirit befitting lovers of truth) with anything but a wel- 
come; in the second, the utmost light that can be thrown upon his tlieme, 
from a quarter however different, can only bring out more strongly the 
central truth of his address, the wastefulness of unlimited competition ; 
in the third, that central truth is accompanied by another proposition, 
which, if it be really the grave error it appears, calls loudly for examina- 
tion and serious modification. 

. That proposition is that the cruder competition spoken of, the unlimited 
competition of dissociated individuals, is the law of nature, while combi- 
nation is the law exclusively of mind and of man. That concerted action, 
in which the interests of the individual as a competitor against his fellows 
are neglected for a more important interest of the individual and his fel- 
Ipws as an association, is something belonging to mankind as a species, 
distinct from and transcending nature in general, is a position whose 
maintenance is difficult to reconcile with even the most hasty considera- 
tion of the acts of ruminants. feeding in herds, where, instead of a tumult- 
uous crowding for the occupation of the best places, we see some 
individuals taking posts in which they can be of service in warning the* 
whole herd of approaching danger — or of the wolves that prey upon them 
in cooperating packs. It is not to be rashly claimed that mind, mind as- 
we ourselves exercise it, though doubtless without the high development 
of self consciousness that distinguishes our race, is absent from the con- 
duct of ant and bee colonies ; but surely their example is convincing evi- 
dence that the lesson of the economic superiority of concert over cut- 
throat individual competition is one that has been well taught and learned 
in realms of nature widely sundered from ours. The common working 

(823) 



Digitized by 



Google 



824 SECTION I. 

ant, deprived of the hard shell, the piercing eye, and the soaring wing, 
the lance in front and the lance behind, that are supplied in defence of 
kindred species, is a poor expression of nature's production as an individ- 
ual competitor; and yet her life of toil, none for herself and all for her 
community, is as truly a result of nature's struggle for existence as any— 
for Nature's competition regards associations as well as individuals, and 
remorselessly suppresses the weapons of individual defence, whenever by 
saving and otherwise directing the vital energy they exact, she can evolve 
members of a social body which shall have a higher power of survival, as 
a body, than is possible to dissociated competitors. The ant reflects not 
on this and knows nothing of this, doubtless— we infer her lack of con- 
sciousness from her leaving no written records — but her disposition and 
power to subordinate individual to social ends is unsurpassed even in our 
own more highly conscious race. 

If not with man as a self-conscious being, where in the ronrse of evo- 
lution does an implicit recognition of the wastefulness of indiscriminate 
competition begin? Not even, I think, with the first appearance of gre- 
garious animals. It is found at the point where parents first begin to 
care for their feeble offspring. The acts of the parent fi^h of certain spe- 
cies in building rude nests where their eggs may hatch undisturbed, or 
in carrying about with them their newborn oifepring, are as truly transgres- 
sions of the law of individual competition as anything tliat human beings do. 
Their economic value to these fish as species, is vindicated in the dimin- 
ished number of epgs that need to be laid, to keep their race from 
extinction, as compared with sturgeon and cod that never know their 
children. We may go back further yet — mnch f nrtlier. It is an applica- 
tion of the same principle essentially unchanged when the organic cells, 
which are in the lowest organism^ independent beings, first unite in fila- 
ments to form an aggregate of the second order, each cell giving up a 
part of the strength with which it could carry on a rivalry with Its com- 
•rades, for a power of cooperation which makes the nggregate far better 
able to snsttiln itself than as many B«*parate rival cells could ever be. In 
few words, we find in the truth that combination flimlshes greater 
strength in competition than universal competition itself can famish — this 
principle supposed a new development when the mind of the human spe- 
•cies first arose from its elements^nothlng more than Is nniversal through- 
out organic nature; and Its chamcterizatlon as something in conflict or 
•contrast with nature's methods, somKliIng transcending the whole scope 
and power of nature, is suggestive only of incomplete realization of what 
the scope and power of nature Is. True it is that nature is coarse, and 
>cruel, nnd clumsy, and prodigal, in a partial view of her; but in a wider 
view she Includes the very excellences that ha;>*e been vatinted as tran- 
scending her. 

It is significant that h\ all the instances to which I have asked your 
.•attention, the effect — ^we may even say the object — of replacing competi- 
tion by combination is more efficient competition. The vice-presldetitial 
address made allusion to this feature. I remember being struck, as a boy, 
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with the fact that so many of the games I learned to play — rivalry bolnar 
recopilzed as the esseiittnl principle of a game — were so arranged as to 
make this rivalry one between two partlen, the Individuals of each ptirty 
being comnides Instead of rivals to one another. The reason Is clear 
enough to me now: an Increased zest Is given to that rivalry, on wlilch 
the game is ba^ed, by the aympnthy of others who enter Into It aa we do; 
and iin IncreHsed power of overcoming opposition Is given by division of 
the work among codperating partlclpiints. In the tlieaier of severest 
competition, a battle field, there can be but two comi)atant8; "lie that Is 
not with me is against me." So It Is in the contest between black rats 
and Norway rats, or between colonies of kindred ants. The ellini nation 
of competition. In fact, Is much like tliat of **motlon,*' or energy, In the 
general system of evolution. It must be present In some form, Is an ab- 
solute Indispensable, and yet progress Is only attained by driving it back. 
"Evolution Is an Integration of matter and concomitant di^tslpatlon of" 
energy, Spencer telLs us, showing at the same time tliat the necessarily 
retained energy "undergoes a parallel transformation" with the matter 
which concentrates as it dissipates. 

Spencer*s psychological system is ba)«ed upon an Identification of mind 
with life, each being In its own way a "continuous adjustment of internal 
to external relations," and our vice president has reminded ns that the 
same doctrine had been tnught in France before Spencer's day. I was 
greatly Impressed, in my early study of the evidences for evolution acconl- 
Ing to Mr. Darwin, by finding so close a correspondence between what 
were pro<ifs of natural selection for him, and what had been set down as 
proofs of conscious design by older philosophers. The coincidence was 
too close to be passed over as fortuitous; and it led ine to the conclusion 
that design and natural selection were, after all, but two sides of the same 
thing — that when we consciously adapt means to ends, we d > this l)y ap- 
proval of some and rejection of others, the rival means being subjected to 
a struggle for life, quite like that which Darwin has taught us to see in 
the organic world. When the adaptation has become habitual, this strug- 
gle of rival means, with survival of the few and obliteration of the many, 
is symbolic rather than actual; though Edison had to try and reject dozens 
or scores of devices before he hit upon the filament of bamboo charcoal 
that gave the best Incandescent electric light, and though the first inven- 
tor of the telephone transmitter had to make almost as many abortive at- 
tempts liefore he found the form that did the best work, 1 iter workers In 
the same field, finding the results of their labor recorded on paper or In 
memory, have been able to make far shorter work of adapting means to 
ends. Design, in all cases but the very first. Is a short and easy process 
when once the way has been marked out. But not In that regard Is natu- 
ral evolution different. The way fh>in fish to vertebrate, when firstt traced 
ont by nature, needed countless weary ages of geologic time, countless 
bloody battlefields and scenes of dire tragedy, countless abortive pushes 
in wrong directions, before the final goal could be readied; but, once 
traced, it is habitually, easily, smoothly, unerringly, retraced in the few 
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months of embryonic growth, "where the unformod vertebrate must pam 
first through the fish and afterward through the reptile lype before it can 
take the higher rank to ^hich it is destined. Here we find the same effect 
of recorded experience, become habit, to which we are accustomed in hu- 
man contrivance. The old proofs of design are the new proofs of selec- 
tion therefore, because design is selection. Nothing is more characteristic 
of the liigher intelligence than this power of adjusting means to ends, and 
yet it is but the conscious following of a course followed by nature uncon- 
sciously. It was Froebel, tlie renowned (rerman educator, who souglit 
to make of man the voluntary, as nature is the involuntary, mirror of God's 
will; so that the power of being this, even though it be the highest of hu- 
man attril)utes, is not an attribute that isolates us from nature. Man is, 
I have long believed, the most completely natural of nature's works— for 
in none other do her powers and modes of evolution find such adequate 
expression. 

If the economy of man, then, shows us nothing radically divergent from 
the economy of nature, we are justified in distrusting all inferences from the 
hypothesis that the divergence exists. To sound this note of caution is 
the object of the present paper. I seek not to defend any writer on polit- 
ical economy. If any have taught that universal competition, carried to 
its utmost limit, is the foundation of wealth, let them be condemned ; but 
condemned for overlooking the real character of Nature's economy, and not 
for upholding it. Such writers, whoever they may be, have failed to see 
not only the significance of any association of men for a common end, but 
the utility of combination in social animals. If any liave taught tliat as^ 
sociations of men are suitable and laudable for certuin purposes, but ob- 
noxious to sound economy for all other purposes, let them fall under the 
same ban but not because combination is the law of man and unknown to 
nature outside him. Economic science is not condemned in their condemr 
nation ; nor, much as it yet lacks of the perfect development possible to 
it, is the mass of experience on which its principles are founded, to be set 
aside by a few hasty inductions. It should be remembered that, notw^ith- 
standing the admitted truth that induction is the foundation of economics, 
inductive proof is only valid where all causes but one have been scrupu- 
lously excluded or allowed for: so thnt, pending the application of this 
principle to the propositions which concluded our Vice President's address, 
we are entitled to regard them, not as established, but only as more or less 
probable. 



Thk standard of deferrrd patmrxts. By Edward A. Ross, Associate 
Professor of Political Economy and Finance at Cornell Univerity. 

[ABSTRACr.] 

Tub paper seeks to ascertain what constitutes justice between debtor 
and creditor and what monetary standard will secure justice. 

The raison (Tetre of all bimetallists, whether national or International, 
is the need of more money in order to prevent injustice to the debtor 
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class. If no ii^iistlce exists, yain are all attempts to show the practica- 
bility or the efficiency of bimetalllBm. The argument showing the injury 
the debtor class recelye from falling prices is, then, the primary, funda- 
mental argument on which all other bimetallist reasoning is built. Break 
down this and the whole theory falls to the ground. The argument takes 
its start from the fact that time contracts calling for future sums are based 
upon the present value or purchasing power of the money unit. Justice 
requires that the terms of the contract remain unaltered ; that is, that the 
purchasing power of the unit be constant. If, in fact, the unit appreciates, 
the debtor is wronged. But appreciation is simply fall in prices regarded 
from a certain view-point. Hence fall in prices means loss to the debtor. 
Now a general fall in prices, averaging from one and a half to two per 
cent, annually, has occurred during the last twenty years and even now 
continues. This means a stupendous robbery of the debtor class. A 
monetary system which permits such a fall is self -condemned as dishonest 
and iniquitous. 

The mono-metal lists meet this argument by pointing out that the fall in 
prices is natural, and results from the abundance of commodities. Re- 
cently the output of commodities has enormously increased owing to great 
Improvements in production. New inventions and new sources of supply 
have cheapened almost all articles. All along the line the economies re- 
sulting from better industrial leadership and more thorough organization 
have aided in lessening cost. This means that the relation between labor 
and product has changed. To this is due the fact that, while commodities 
have fallen in price, wages have shown a slight upward tendency. 

Reverting to the case of the debtor it appears that the sum he repays 
to his creditor, albeit it represents more commodities than the original 
sum, represents no more labor. He may restore double the quantity of 
products, but, owing to increase in industrial efficiency, they represent 
only the same quantity of labor. And as, according to the classical econ- 
omists, all fair exchange is the exchange of equal service, or of the prod- 
ucts of equal quantities of labor, we may conclude that the gold standard 
brings no hardship to the debtor. 

The opposing arguments just reviewed involve two controversies : 

(1). As to the ultimate standard of value. 

(2). As to the destination of the benefits of industrial progress. 

In regard to (1) the bimetallist maintains that the debtor should restore 
only the quantity of commodities represented by the loan, while the mono- 
metallist insists that he should return the quantity of labor represented 
by the loan. As both agree that the debtor should restore equal value we 
find here the issue fairly joined between the two great opposing doctrines 
of value — the theory of labor value and the theory of use value. The one 
derives value from production ; the other from consumption. The one 
looks to cost ; the other to utility. The one regards sacrifices ; the other 
satisfHctions. 

It is not difficult to show that the labor value theory rests upon a faulty 
analysis. A good possesses value or importance not on account of its past, 
but on account of its future ; not because it embodies past sacrifices, but 



Digitized by 



Google 



$28 8SCTION I. 

I^ecanse It promfses fatwc sfltisfactians. The labor raJxse theory of 
Bleartfo rests npon obseryatioii of eonpetftlve industries of conslSBt re- 
turns. But the growfog import«iioe of monopolized goods and of indus- 
tries of diminishfaig returns 1ms compelled a -wider stndy, Ksoltiiig^in the 
discorerj that yalue is a particalar utilitj, viz., marginal niUHff. This 
Idea, thrown out by Jerons and developed by tbe Anstrians, Iras changed 
the face of ecoDomic theory wltMn a few years. By rerampAng the obso- 
lete labor-value doctrine the moBometalHsts have sbown themselve* tbe 
Bourbons of Fblitleal Economy. 

In regard to (9) the monometalHst contends that the benefllA c^ indus- 
trial progress should belong to tlie creditor. The bhnctaillBt holds that 
they should remain witb the debtor. 

If it be urged in behalf of the creditor that Justice demands equal sac- 
rifices regardless of satisfactions, it can be replied tlMt tbe argument 
involves the labor value fallacy and is therefore worthless. Nor can It be 
justly urged that the creditor deserves the benefits of tbe cheapening <^ 
production because so much improvement comes by way of bettering 
fixed capital. The creditor, as such, supplied only pure capital; its in- 
vestment in better and ever better machinery is not due to him. 

On the other hand, it may be argued on behalf of tbe debtor's datan to 
the benefits of industrial progress, that even on tbe labor value theory be 
cannot yinWy be called upon to restore an equal quantity of labor to his 
creditor, seeing that his labor is of superior efficiency and hence not of 
the same qnality. But, again, it may be urged that in any case the debtor 
is notboDDd to meet the requirements of the labor value standard. For 
the transaction of debtor and creditor is a case of exchange of goods pro- 
duced under dllKirent industrial condKlons. And in such cases, as is evi- 
denced by tbe couTHc of trade between nations at dllKirent economic 
stages, values are ultimately determined ikX by cost but by utility. This 
would seem to leave all the beueflts of Industrial progress in tbe hands of 
the debtor. 

But another course of reasoning shows groand for ahminf the benefits. 
The debtor is bound to return to his creditor utility equal to that he re- 
ceived. But will this be done by restoring an equal quantity of goodn? 
Only in case the objective utility of the goods remains the sanoe. In fact 
the objective utilities of most goods are constant for a long period. But 
the utilities of those goods that the po8se6>or uses in procuring social 
distinction, esteem, influence, etc., have a very fluctuating utility. And, In 
the case of a general rise In the scale of living owing to tlie abundance 
doe to industrial progress, the objective utility of a good devoted to pro- 
curing social satisfactions would tend to lessen. Solely on this ground 
can we justify any participation of the creditor in the benefits arising 
A'om industrial progress. 

Applying these results to tbe problem of the standard of deferred pay- 
ments we conclude that the money supply should be so plentiful as to per- 
mit only that very slight fi&ll in the prices of consumption goods which is 
required to compensate the creditor for tbe diminishing utility of goods 
expended In procuring social satisfactions. 
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Economic conditions antagonishc to a conservatite forest pouct. 
By B. B. Fkrnow, U. S. Dept. Agfic, Washington, D. C. 

[ABSTRACT.] 

TuK forestry problem exists not only in the United States but among all 
civilized nations, being only more or less near solution in the different 
countries. It arises from the fact, that forest areas fulfil two distinct 
and independent functions, namely, that of a valuable resource of useful 
material and that of an important condition of the earth's surface. The 
problem summarily stated is, how to develop and utilize the resource with- 
out destroying or impairing the condition as far as this is of beneficial 
influence on other cultural conditions. 

The conciliation of these two interests, namely, that which attaches to 
forest areas as objects of industrial activity and that which they claim as 
needful regulators and preservers of climatic, hydrologic and soil condi- 
tions, is the main problem. Minor problems are the management of the 
resource with a view to continuity and greatest usefulness and the exten- 
sion of the resource as well as the creation of forest conditions, where 
they may be beneficial in improving climatic, water and soil conditions. 

The solution of the problem lies in the application of forestry, that is, 
a treatment of the forest areas, based upon scientific and rational prin- 
ciples, upon a knowledge of physical, physiological and economic facts. 

The physical facts are those which relate to the interdependence between 
vegetation and meteorological, soil and water conditions ; they predicate 
the necessity of keeping certain areas under forest cover and determine 
or ought to determine the forest policy of the statesman and the legis- 
lator. 

The physiological facts are those which relate to the development of 
forest growth and form the basis for the technical manipulations deter- 
mining the forest management by the forester. 

The economic facts are those which have reference to the conduct of 
forestry as a business, the relations which this business has to other 
classes of business, the financial aspects, determining the actions of the 
forest owner, and which, if we permit the State as we in reality do, to 
interfere with industrial activity, become also matters of concern for the 
statesman and legislator. 

Granting that the facts regarding the relation of forest areas to other 
cultural conditions are so well established that the desirability of main- 
taining favorable forest conditions in certain given localities is beyond 
question and that a conservative forest policy becomes a matter of public 
concern we propose to inquire what difflcnltlcs from economic considera- 
tions there are in the way of inducing private forest owners from inaug- 
urating such conservative forest management as will satisfy the needs of 
favorable forest conditions. Such management would require that the 
forest owner cut his timber in such a manner as to reproduce the forest 
or else replant what he has cut and that he take care to protect the forest 
growth against destructive agencies like fire, cattle, insects, or other, in 
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frosts, windstorms, depredation. The effect of these dangers is a differ- 
ent one according to the age of the growth and also according to the na- 
ture of the damage. Some of these detrimental agencies may destroy 
(like fire) the entire reserve, others impair only the regular progress of 
management making premature utilization necessary (windfalls) or dete- 
riorate the quality of the reserve (insect ravages). Altogether the hazard 
and risk in maintaining the normal reserve is considerable and increases 
in proportion to the length of rotation. Hence there is a natural tendency 
on the part of the owner to reduce the reserve, i. «., to depart from the 
principles of continuous conservative forest management. 

In the cnrrying on of farming business, the credit system plays an im- 
portant part ; the value upon which loans are made being represented by 
the soil, little apt to deteriorate, as well as the crop which, being of one 
year's season only, is not exposed to many dangers. In the forest, the 
reserves and not the soil form the basis of value for the credit, and more 
dangers from natural as well as human agencies arise to this factor of 
valuation, hence forest property is an investment, which gives but unde- 
sirable basis for credit systems and hence again private owners are apt to 
dispose of it or take off the value accumulated in the reserve at the earliest 
opportunity without regard to a rational management. From the same 
reason forest growth is not a fit property for renting because the renter 
can hardly be controlled in maintaining the proper reserve. It is always 
difficult to determine what should be considered legitimate crop ; what, 
reserve. Furthermore, the reserve is open to depredations through the 
whole year and from year to year, hence a considerable expense for pro- 
tection is necessitated. 

"If," Roscher says, ''the sale of farms is carried on, not for the purpose 
of managing them, but to re-sell and pocket the difference, agriculture 
must languish. But with forest property such abuse is much more dan- 
gerous and also much more to be anticipated, on account of the nature of 
forest management, so that continuity of ownership In forests is of the 
greatest advantage." That means forest property is not a satisfactory 
object for speculation, if conservative management is to be maintained. 

Another reason why forest management does not offer a field for spec- 
ulation is, that technical and economic changes are slow to respond in re- 
sults, so that favorable junctures in mnrket conditions cannot be readily 
utilized. It takes many years until a change in methods or manipulation 
becomes apparent in results : the forest owner must, therefore, be pos- 
sessed not only with considerable technical knowledge, but with a large 
amount of patience and strong character not to be induced to throw away 
the later greater advantages for present small gains and to be willing to 
abide results qf his technical manipulations. 

The reserve is capital difficult to control and easily reduced, and while 
such a reduction offers a temporary increase in the dividend, the excess 
over the proper amount must be saved in the future dividends, to which 
the owner is not readily disposed and the result is disastrous to a regu- 
lated forest management. Forest management then involves the curtail- 
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ment of present revenne for the sake of a continued greater revenue fn 
the fatnre. It requires, therefoi'e, continuity and stability to a greater 
extent i-ven than agriculture. 

The length of time which It takes for a crop to grow ready for the axe 
necessitiites a much larger area to be under one management, than in ag- 
ricniture, In order to mnke a regubited manngement altogether practicable 
and to occupy the miinaser fhlly or to yield to the owner a suiBclent and 
continuous Income. To be sure, the ownership and management of small 
tracts of forest land especially In connection with farm lands Is not ex- 
cluded, but experience has shown that sooner or later the small forest 
owner is forced to abandon a regular management, finding himself at a 
disadvantage as against the holders of large areas in the economical work- 
ing of a system of management. Especially will this be the case, where 
not only small local demands are to be served, but a large market Is to be 
supplied. This will readily be admitted when we consider the factor of 
transportation in the business of marketing the crop. 

While it would pay to build roads and railroads where a constant or 
continued supply of sufficient freight is assured, as in the case of a large 
area of well managed forests, snch constructions would not be practicable 
or profitable where small and scattered holdings without a uniform and 
systematic management are only to be developed. 

The question of transportation becomes more and more Important, as 
with the agricultural development near the markets, the forest is more and 
more relegated to the back country. Transportation which often at the 
place of production itself in the forest has to battle with peculiar diffi- 
culties, becomes proportionately a greater and greater charge so that the 
cheaper grades of wood, like firewood, cannot any more be profitably 
shipped. 

Accessibility to market, easy, cheap and permanent means of transpor- 
tation are conditions without which profitable forest management cannot 
be carried on ; the bulklness of the material making these conditions more 
necessary than in most other enterprises. 

One of the most difficult matters is to determine the profitableness of 
any business in the abstract, since profitableness depends npon many vary- 
ing conditions. There are, however, some special additional difficulties 
connected with the forestry business, which result from the long time of 
production. Until the harvest, the premises of calculation may have 
changed considerably. Whether the prices to be obtained eighty or one 
hundred years hence will warrant an expenditure to-day, who can tell? 
Whether a manipulation like a thinning for instance, wlU repuy itself in 
Increased financial results Is most difficult to determine and altogether 
finance calculations in forest management are necessarily much more com- 
plex and based much more on anticipatory premises, than in other enter- 
prises. 

Especially difficult also Is the adjustment of supply and demand. Not 
only are forestry statistics difficult to obtain, but even if obtained and if 
a shortage should appear, the adjustment most necessarily be very slow. 
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All these difficulties are apt to breed an nAeconomical spirit among forest 
owners and are antagonistic to a conservatiTe forest policy. Especially . 
where the maintenance of forest conditlonn from protective considerations 
is necessary, the attempt to get the highest profit, which is the only Incen* 
tiye for private enterprise, is not always in consonance with what a con- 
servative management may demand. It is easy to deforest, to devastate, 
to destroy, but most difficult to replant and restore ; too often the forest 
is endangered and the interest of society hazarded. 

In the United States in addition to these detracting pecuUai'lties of the 
forestry business, which exist everywhere, there are other difficulties aris- 
ing from general economic conditions antagonistic to a ready adoption ot 
a contservative forest management by private forest owners. 

There are three classes of forest owners : the farmers, who have wood 
lots connected with their fai ms, the speculators, among which I include 
all those who hold forest prop4*rty temporarily for the purpose of selling 
it to obtain the unearned increment from the third class, namely those 
who develop and utilize the forest resource, lumbermen and manufactur- 
ers. 

The first class should be considered a safe and conservative one and hold- 
ing forest property to the extent of from thirty-five to forty per cent, we 
might feel safe regarding this part of the country's forest area. 

No doubt, whatever attempt at rational forest management exists in the 
United States may be found among the farmers. It is probable, however, 
that a lai ge part of their forest property is held only for speculative pur- 
poses, and besides the opportunity of paying oflT indebtedness by sacrificing 
the wood lot is not unfrequently embraced and it is done not in a conserv- 
ative manner from lack of conception of the true value of this part of the 
farm. 

The speculators are harmless as far as forest conservancy goes perhaps 
even an advantage in keeping their holdings from utilization until a change 
of market conditions might make a more rational exploitation of the forest 
practicable. It is then the lumbermen or those who make it a business to 
exploit the forest resources, to whom we must look for a forest policy. 
Here again we must distii^sh between those who supply the raw material 
to others, engaged only in logging and those who siy>ply themselves, their 
mills, manufactures, charcoal kilns, etc. 

The latter might be expected to have conservative tendencies and to 
some extent they do exhibit them in the care of their forest property ; but 
their foresight usually does not reach beyond many years, certainly not to 
the length of a rotation and as to application of real forest management, 
I have never heard of any attempt as yet. 

Altogether, the general speculative spirit prevailing in all classes of so- 
ciety and buHiness breeds instability and is detrimental to anything that 
depends on decades or centuries for results, as does a forest growth. 

Those engaged in logging business only are the ones that have the least 
regard for the future, the most wasteful and reckless methods of exploittf^ 
tion are theirs ; after them fire or the deluge I 
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To indnce any forest owner to adopt rational and conserratlve forest 
management, we should have to show him that it is directly profitable — 
profit, we must never forget, is the only incentive for private enterprise. 
Now from the foregoing statements it will have appeared that this is diffi- 
cult, almost impossible to do In a general way, and it is questionable in 
my mind, whether in many, perhaps in most localities, forest management 
for the present can be shown to be profitable. The wanton waste and 
destruction, to be sure, is not profitable — certainly not to the nation at 
large — but forest management means more than abstaining from wanton- 
ness. It is not only a negative but a positive business. It means applica- 
tion of knowledge, it means expenditure for a manager and other requisites 
of an organized management, expenditures for protecti«»n, curtailment of 
present profits for the sake of a continued revenue, expenditure in the 
present for the sake of gain in the future. 

There are two main objections on the part of forest owners to such ex- 
penditures : the first is, the hazard to which their property is exposed 
under our poorly administered laws, especially against damage from fire ; 
the second is, that as long as forest supplies from virgin growth compete 
in the market, with only the cost of harvesting and transportation placed 
upon them, there seems no money in the business, if there is an additional 
cost of production in the shape of expenditure lor management to be pUced 
upon it. 

Whether or not this argument is correct in the long run, when we have in 
view continuity of the business, it will be difficult to show its Incorrectness. 

The lumberman, accustomed to carry on his business like the butcher, 
slaughtering his herd and finding his profit in the diiference of the price 
he paid for the cattle and the price he got for the meat, is not readily to 
turn Into a forester, who like the breeder finds his profit in the sale of the 
young increase, treating his herd as the capital. 

Additional difficulty lies in the absence of educated foresters, competent 
to advise and carry on a management 'under such difficult economic con- 
ditions. So that, even if the forest owner were willing to try the experi- 
ment he would not be able to secure the manager. 

The result of all these considerations is, that profitable exploitation of 
our forest resource and forest conservation or conservative forest man- 
agement are at present more or less incompatible. At best any scheme of 
Introducing forest management would be an experiment, which few pri- 
vate forest owners would be willing to risk. Hence, where the preserva- 
tion of forest conditions is of importance to the community, the community 
alone will be able to insure their preservation ; for the community alone 
can afibrd to forego the Immediate profits arising from conservative ex- 
ploitation, for the sake of an Indirect object, that of favorable soil and 
water conditions. The community or rather the government. State or 
Federal, can alone aflbrd to establish such an experiment, and after It has 
shown the methods to be employed, after It has ofliered the opportunity 
for the education In theory and practice of forest managers, there will 
be more inclination for private enterprise to follow suit. 



Digitized by 



Google 



ECONOMIC SCIENCE AND STATISTICS. 835 

The United States Goyernment owns some fifty or sixty million acres 
of forest land under conditions where forest preservation Is a necessity, 
where indncement to conservative forest management on the part of in- 
dividual owners is even less than in onr eastern states, where dire calam- 
ities are bound to follow a policy of negltJct and forest destruction. 

The policy for the government is clearly to reserve these areas and place 
them under a circumspect management by which, while tlie needs for tim- 
ber of a growing population are subserved, forest conditions are kept in 
favorable condition. 



Some statistics op the Salvation Abmy. By Chas. W. Smilet, Wash- 
ington, D. C. 

fABSTRAGT.] 

The figures concerning the general work of the organization have been 
obtained n*om General Booth and are for the year 1891, with some compar- 
ison for 1892. 

Societies in 1891, 4,292; in 1892, 5,288. 
Officers in 1891, 10,452; in 1892, 11,118. 

Local officers who follow their own business by day and give spare time 
to the cadse, 18,744 ; bandsmen, 12,744 ; sergeants, 5,500. 

There are eighty-six training colleges with 1,016 cadets in training for 
officers. Thirty-four different languages are taught. There are twenty- 
five homes of rest. They publish thli-ty-two periodicals which circulate 
forty-seven million copies. They employ 180 persons in rescue work and 
have received 1,484 girls into their rescue homes. In their labor bureaus 
they registered 16,493 people and found work for 4,696. They received 
into their homes 834 discharged criminals and took 1,459 persons into their 
factories. 

1 have gathered the following facts regarding the "Social Wing'* In Lon- 
don which supplies food and shelter. The quantities given are quite liberal 
and the quality is such as poor people should feel quite satisfied with. 

Comfortable shelter with mattress and covering, four cents per night. 
This includes the use of lavatories with plenty of hot and cold water. 
During the first six months of 1892, tliey sheltered 870,258 poor people and 
supplied 1,859,316 meals at prices ranging from one-half cent to eight cents 
each. Some prices of meals are as follows : Soup enough for a child, one- 
half cent; for an adult, one cent. Soup with bread for a child, one cent; 
for an aduit, two cents. Coffee for a child, one-half cent; for an adult, 
one cent. Bread and Jam, one-lialf cent per slice. Cabbage, one cent. 
Potato, one cent. Beans, one cent. Boiled Jam pudding, one cent. Boiled 
plum pudding, two cents. Rice pudding, one cent. Baked plum pudding, 
one cent. Baked Jam roll, one cent. Fruit pudding, two cents. Beef and 
potato, four cents. Meat pudding and potato, six cunts. Corned mutton 
and potato, four cents. Tea or cocoa, one cent per cup ; two cents per 
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mug. So«p to be carried Away in balk, two .ee«t8 per quart. Of coarse, 
there are no napkUs nor table cloths, bat the tables, floors, and chairs are 
kept quite clean. The food is passably wall cooked and is D«trl(4otts. The 
denizens of the sloms would be elevated by contact with such iafluences. 

Manchester t England ^ July 27, 1892. 



OUTLINR OF 8TATI7TE TO PROMOTE WORKS OF PHILANTHROPY, INffTRUCTION, 
8CIBNTIFIC RESEARCH, EMBELLISHMENT AND MEMOKIAL ARTS WITHIN 
STATES, AND ALSO TO REOfJUkTE THE SCOCESSION OF ESTATES OF DE- 
CEASED PERSON SAND TO TAX INHERITANCES THEREOF IN CERTAIN CASES. 

By B. T. CoLBURN, Elizabeth, N. J. 

[ABSTBAOT.] 

This pnper is supplementary to one read by the author, before Section I 
at last year's session, advocating' a Reform in the **Code of Inheritance," 
and the formation of a Department of Benefloence as a separate and be- 
nign Ainciion of Btate governoMnt. The agency recommended Is that 
of a Board, or Council, of Amelioration, composed of citizens <inalifled by 
training and character for the duties. This Board would offer, ready to 
hand to the benevolently inclined, an organization end <eKp€rience (br the 
receipt of bequests superior to any trust which the wisest testator can 
devise. In addition it Is proposed to levy upon large estate^ only, a 
tax, gradaated according to the needs and degree of kindred, the proceeds 
of which will be applied by the Council to works of compassion, ameliora- 
tion, recreation, research In the neglected fields of knowledge and to ex- 
periments in sociology upon a comprehensive and systematic plan. 



The LABOR PROBLEM IN AMERICA. By ROBERT j^. Crafts, Minneapolis 
Minn. 



MOVRBffENT OF DUTIES AND PRICES IN THE UNITED STATES SINCE ISSO. By 

Henry Farquhar, U. S. C. and O. Survey, Washington, D. C. 
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REPORT OF THE GENERAL SECRETARY. 



Thb f orty-flrst meeting of the Aicbrican Association for the Advancb- 
MBNT of Scikncb was called to order on Wednesday, Ang 17, 1892, at 
10.20 A.M. In the Chapel of the University of Rochester, Rochester, N. Y., 
by the retiring President, Prof. Albrrt B. Prbscott of Ann Arbor, Mich. 
Professor Prescott said :— 

The forty-first meeting of the American Association for the Advancement 
of Science is now open. The one word that I have to say is with regard 
to the previous meeting held at Washington. I now wish to introduce to 
you a roan cliosen at that meeting; a grand and glorious man, worthy of 
the office of president. I introduce to yon Josrph LbContr, the eminent 
geologist, the president of this body. 

President LrContb arose and said: Ladies and Qentlemen, I thank 
you Arom the bottom of my heart for this great honor which you have con* 
ferred upon me. 

There are, my flriends, three divisions of research which are worthy the 
efforts of human intellect. They are religion, fine art, science, — Ihree 
sisters destined to codperate In elevating the nature of man. 

What can be grander than to be reckoned as a student of these three. 
The pursuits of scientific investigation are without doubt the greatest honor 
of the time. And I, as the president of this body, personally have been 
honored beyond my due in receiving this office. I have met with the body 
since 1851. You rememl>er the great names that were registered at those 
meetings. There we saw Dana, Quyot, Agasslz and many illustrious men. 

But let ns not cling to the past and honor it solely. We must not under- 
estimate the present. The golden age is ahead of us and not behind us. 

Now, the last time I met with you was in 1860. Then came the war and 
my removal to California. I lost the stimulating effects of the young men. 
We are apt to think that we teach and educate the young, my fViends, but 
they react on us and we educate only in proportion as we are educated. 

Last of all, let me say, I shall require your constant forbearance.- The 
qualities that I possess do not fit me to preside at meetings of bocUes. I 
have lived in the world of thought and not in the world of men. If this 
were a political meeting. In which there was to be any strife, I should have 
resigned immediately, but a body of scientific men are a law unto them- 
selves. Nevertheless, I shall rely upon your assistance and correction. 
Again I thank you. 

A. A. A. 8. VOL. XLI. 23 (887) 
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The Bey. C. B. Gardner then led the invocation. 

Br. E. M. MooRK, President of the Local Committee, then delivered the 
following address of welcome :— 

It becomes my very pleasant duty to welcome you to our city. Such 
welcomes are your annual experience. But I desire to say nowhere has 
it been more heartfelt than that I extend to you as the representative of 
our rural City of Flowers. As you may follow the inclinations of curios- 
ity in wandering over the avenues of its homes, you will be assured that 
the realizations of the rus in urbe is largely attained. Large enough to 
obtain the luxuries of metropolitan life, it is not hemmed in by any difficul- 
ties of expansion, and the growth in all directions is a perpetual guard 
against the severe competition for a resting of the busy worker. Thus 
it became early a city of homes. A few years since, under an inducement 
of a business nature, a private census (if 1 may use the phrase) was ac- 
curately made, developing the extraordinary fact that in consequence of 
the law allowing holdings of real estate before the expiration of the allotted 
time necessary to obtain the naturalization of the immigrant, there were 
found to be more landholders than voters. This, if not absolutely excep- 
tional, was certainly a rare condition. I do not intend to indulge in a stiidn 
of municipal chauvinism, but follow precedents of introduction to the 
city you have honored by your visit. But while we highly prize the green 
that surrounds and the shrubs that adorn our humble abodes as well as the 
grand residences of the wealthy with winter as well as the summer gar- 
den, we recognize the advantage of concentration in the successful prose- 
cution of business. 

A few years bince one of our citizens, a veritable genius in financial af- 
fairs, conceivi'd the idea of building a structure copied from the flre-proof 
creations of brick, stone and iron, which seemed to be possible only to 
the resources of the government. It was certainly one of the first of its 
kind to be made wltli the expectntion of financial success. The whole 
community was conservative, nothing but disaster was to be expected. 
Mr. Powers, however, was wiser than all others. The success was com- 
plete, and capitalists have followed his example to such an extent as to 
demonstrate the fact that no building can be rented near the centre of the 
town with any hope of successful competition, unless it be of the same 
pattern. Already has this example been admirably copied. The future 
of the structures in the centre of the city must be of a kind not likely to 
be made without a due regard for aesthetics. 

Thus we hope to grow with a careful regard to the sanitary prom- 
ises of sound and well ventilated marts as well as those of isolated dwell- 
ings. As we all know, every city and country has Its individuality, which 
g^ows. Our town was obviously born of the union of the fine water pow- 
er of the Genesee and of the Erie canal. In the early days of forest ex- 
termination, the absorbing occupation of the pioneer, the success of the 
future town was to depend on the exact point at which the magnificent ar- 
tificial water-way .was to cross the river near the water power. Men saw 
the city rising before them in the dim future, and the advantages of health 
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slon of the public, but accessible to all. There you will find large col- 
lections, pictures by the finest modern artists— productions of Jerome^ 
Knaus and Meisonire. 

You will also enjoy the marvellous cabinets of Prof. Henry Ward, whose 
collections will have special attractions to every devotee of natural sci- 
ence and of whose merits you will be far better judges than myself, unique 
in its character and unequalled in extent. 

And last but not least, we invite you to the halls of our special pride, 
the University of our city. No body of men could be brought together 
who would appreciate what such an institution means in elevating and 
•conserving the intellectual status of a community better than that which 
is before me; none who could better understand the difficulties which 
isurround the early life of such institutions, and usually the slow progress 
in their development. This has been up to our day their history. The 
richest and oldest still are straitened for funds to carry out the special 
restrictions of the bequests that have endowed them. It is only in our 
day, at this supreme moment, that great schools of learning are emerg- 
ing, Minerva-like, armed and equipped. It has been wittily said by one 
who .was accomplishing a great undertaking that men had wished for the 
lamp of Aladdin, but as for him, give him a check on Coutts. That sach 
attention is bestowed upon the people by those who have amassed the 
•colossal fortunes of the last few decades, is merely a hopeful sign of the 
future. The development of the institutions themselves is also pressing 
for more facilities, and we cannot but take the opiimist view, which is to 
provide for every one the opportunity for mental and physical improve- 
iment. These great fortunes are only the forerunners of greater. That 
•learning will be fostered I feel quite sure, and the trade union that can 
subvert the doctrine of the survival of the fittest has not yet been or- 
.'ganized. 

However much the need of money, there is one thing that supersedes it, 
the intellectual equipment of the teachers. I think our own institution 
Ihad a beginning quite unique, but still without the great pecuniary endow- 
ments alluded to it possessed the Minerva-like quality. It is a by-word 
with us that the university arrived one day in an omnibus, and when Dr. 
Kendrick and his colaborers presented themselves for work the college 
was full fledged. The recitation room might have been in a barn but the 
university was here. In truth the rooms were adapted to its wants in an 
abandoned hotel, where It remained for ten years, husbanding resources 
until it was transferred to its present quarters. 

I do not propose any remarks upon university life. This will come from 
one who will tell its story with words far more fitting than I can employ. 

The people of Rochester enter into your designs. The time has nearly 
gone by when the Philistines can rejoice. The enqnlrer after pure truth 
is forgetful of economies in getting to bis proper place in popular regard. 
There is still a poor laggard who in a doubtful tone asks, what use Is aU 
this study of pure science for its own sake, but he Is no longer the con- 
ceited brawler of his ignorance. We sympathize with your efforts, know- 
ing quite well that the seed of truth Is like the mustard. The wires along 



Digitized by 



Google 



REPORT OF THE GENERAL SECRETARY. 841 

our Streets are vibrating like the frog's legs seen by Qalvanl, but would 
not have transported our cars or our messages, if he had not learned why. 
Frauenliofer told us of lils lines. Little did lie know that he was placing 
US in touch with the universe. A friend, in speaking of the minute learning 
of the late Dr. Leidy, narrated the description he gave of a parasite in 
the liver of a common house fly. I hope some entomologist may teach 
us how to propagate that parasite and distribute it so as to reach those 
that infest our houses. It is true that man in his interference with the 
broad plans of nature has usually erred. The jack rabbit of Australasia 
is no longer an amusement for the sportsmen. The mongoose has been 
an admirable agent for the destruction of offensive reptiles in Jamaica, 
but in the short period of twenty years the balance of life has been al- 
tered and the chickeurcoop is not the desired field for the mongoose. It 
is not likely that the tiger will be brought from Bengal to regulate his 
Incieiise. But I do not hesitate to say that the recent discoveries in bac- 
teriology have done more to relieve or anticipate human suffering than 
any others in the last twenty years. 

Such reflections as these are, however, too trite to be rehearsed to you, 
and I will close with one word— welcome. 

The Hon. Richard Curran, the Mayor of Rochester, was introduced, 
and 8aid : — It is customary and not uncommon for the chief magistrate of 
a city to l)e called upon to bid welcome or extend hospitality to numerous 
bodies — including political gatherings, veteran soldier annuals, social 
conclaves, temperance holdings and liquor dealers' conventions. But It 
is extremely rare for one to be Invited to exercise the pleasure that con- 
fronts me to-day, of extending the hospitalities of our city to an organiza- 
tion so Justly famous for its varied culture, and so clearly potent for 
immeasurable good. 

I can say to you, ladies and gentlemen, with perfect confidence, that 
every citizen of Rochester without reserve, even aside from those engaged 
In scientitic work, feels favored and honored by your presence. 

While undoubtedly all over this country and especially at the consider- 
able centers of population, great scientific activity Is felt, here in Roches- 
ter aside from the natural advantages of location and the mental activity 
exhibited by our rapidly growing population in building fine avenues, in 
erecting palatial residences and gorgeous business establishments, which 
marvel and delight the stranger, we can point with pardonable pride to 
the advances made in scientific research by certain of our population, 
qnietly and without ostentation, which If continued must ultimately ripen 
into more than national prominence, and give to our city a relative stand- 
ing far more enviable than all things else. 

In 1879, the Rochester Microscopical Society was organized by a few 
gentlemen. It grew rapidly in favor and in numbers, and soon became 
the largest of its kind in the United States. 

From this beginning sprang the Rochester Academy of Science in 188 1, 
the object being to promote scientific study and research. It was divided 
into twelve sections, each having Its separate organization, and included 
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anatomy, astronomy, botany, entomology, conchology, hygiene, Ichthyol- 
ogy, infasorla, literature, microscopy, photography, and taxidermy. The 
establishment of the academy gave an impetus to the great woric here, 
far beyond all expectations, and served to Imbue our cItfzeDs with the 
importance and magnitude of the labor silently carried on in our midst. 

Without inyldioDS distinction, the names of a few may be mentioned 
as illustrative of the growth and popularity of scientific loTestigatloD in 
this vicinity wilhin comparatively recent years. 

One of our citizens, a brilliant editor of a leading dally paper, aside 
/torn showing that the present tariif Is to this nation a star of the first 
magnitude, finds time to study with marked success, celestial phenomena. 
I refer to H. C. Maine, who has been a patient and carefbl observer of the 
sun for many years, and the conclusions he has drawn as to the connec- 
tion between solar disturb-.incea and terrestrial meteorology are of great 
interest and have stimulated research In this direction to a remarkable 
degree. With instruments Of his own manufacture be has successfully 
photographed the sun and the moon. As a microscopist he has rivalled 
the famous Mohler in the arrangement of diatom test plates. He has the 
tenacity and enihnsiasm of a true scientist, and wiU undoubtedly be beard 
ft-om In the future. 

Another of our citizens, Lewis Swift of the Warner Observatory, also a 
patient observer of the sky, has attained to more than national distinction 
in his line of research. This ardent student of the science of astronomy, 
for years, while engaged In the occupation of liardware merchant, devoted 
every clear night to his favorite study, perched upon an apple barrel on the 
nearly flat roof of a rickety cider mill. Here, while Inhaling the pure air 
of heaven from above, mingled with the fumes of acetic and pomic acids 
firom below, he scanned the skies night after night with an absurdly infe- 
rior Instrument. But perseverance and love for the science 'in the absence 
of a well-equipped tower, urged him to discovery after discovery, forcing 
the great astronomers of the world reluctantly to acknowledge the |>ower 
and genius of the man on the elder mill. He has been first discoverer of 
ten comets, the last being the most wonderful ever discovered, having 
twelve tails. His discovery of 970 new nebulsB ranks him with the Her- 
schels in this line of observation. He has been awarded prizes and medals, 
and has been honored on both sides of the Atlantic to a remarkable degree. 

It is scarcely necessary for me to say that this Is the home of Professor 
Ward, the learned biologist, whose labor and undertakings in behalf of 
science are well known In both hemispheres. 

It was here, too, that Lewis H. Morgan lived, labored and died, whose 
book John Fiak declared to be an epoch-making book. 

Some years ago in response to a necessity or growing demand, the Uni- 
versity of Rochester began teaching the science of anthropology or the 
natural history of man to a small class of students. The eagerness or 
relish for such knowledge soon became felt, and other institutions of 
learning throughout the country followed the example. But to this uni- 
versity belongs the credit of having first introduced or added in America 
this important branch to its curriculum. Side by side with scientific labor 
in this city has grown an optical manufactory of which our citizens are 
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Justly proud. In the higher or more scientific brauches. of optical maun- 
facture the Bansch & Lomb Co. holds a position pecollarly its own. Their 
first productions were made by tlielr own hands under great difficulties. 
They now employ in the different branches of their business over 500 op- 
eratives. 

However It may be in other cities, here, inquiry will show with amazing 
and pleasing truth, that scientific activity has taken deep root and is with 
us to stay. From the brain and laboratory of the scientist, mankind is 
constantly receiving benefits far more precious than jewels. 

Were it possible to estimate the value of a man's labor to the world, I 
believe it would be shown that Priestly, Faraday and Pasteur have 
done more in a material way to relieve suffering, to prolong life, and for 
the comfort, welfare and happiness of the race than any three men in any 
other direction since the dawn of Christianity. 

Ladies and gentlemen, I crave pardon for having trespassed upon your 
time, by talking beyond the limit, but as a partial recompense I extend to 
you with unlimited gladness the freedom of the city. 

Br. David J. Hill, President of the University of Rochester, was then 
introduced and spoke as follows : — 
Mr, President, Fellovos and Members of the Association : 

Ever since it was believed that in opening one's house to strangers one 
might entertain angels unawares, hospitality has been invested with a 
mysterious charm. When for the slender chance of an angelic visitor we 
substitute the certainty of guests of high distinction, the element of mys- 
tery Is superseded by an irrepressible sentiment of pride. Tliis U our 
happy lot to-day, for we welcome under our scholastic roof-tree not an 
unknown multitude in which there may be a few stray angels in disguise, 
but a company of celebrities of whom It may be said that every member is 
too well known to furnish concealment to extra-mundane masqueraders. 
If by chance an inhabitant of Mars should slip in unobserved, no doubt 
there are those present who could test and determine the validity of his 
pretensions by a little catechizing on the peculiarities of his native planet. 
And so we enjoy the double advantage as hosts that, if a messenger from 
another world were discovered among us, his planetary affiliations would 
be quickly identified and his knowledge put to scientific use; and, if none 
should appear, we may at least content ourselves that our own little planet 
can afford no more worthy or welcome guests than those whom the Uni- 
versity of Rochester has the honor to greet to-day. 

Every step toward the socialization of science, whether in the persons 
of its representatives or in the wider diflhsion of sympathy with its alms, 
is to be regarded with delight. The extension of such socialization is an 
index of scientific progress. When men knew little, they were jealous of 
their knowledge and held it strictly as private property. How impossible 
it would have been for the secret-loving alchemists to associate themselves 
together for the disinterested promotion of science, and to dlvulgu their 
small discoveries through free mutual interchange. Equally impossible is 
the solitary and selfish retention of knowledge by contemporary men of 
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science. The history of solid iDtellectval adYancement reallj begun when 
men first regarded troth as a socia) possession, the connoon heritage of 
manlKind. Under the inspiration of this conception » the small philosopher, 
with bis petty system, has practicaily vanished from the iuteHoctoal world, 
or been relegated to a merely provincial Inftoence ; while a public con- 
sensua, based on openly verified results, lias taken tlie place of ocealt doc- 
trines, and is ever widening to the magnitude of a world- conception. The 
period of esoteric philosophy is past and ciypto-sclence Is branded psendo- 
Bcience. Specialists have taken tlie whole race into partnership, or rather 
regard themselves as special organs of tlie social body, and the primary 
instinct of discovery is publicity. 

It is largely becanse it is omr business, as a local instltotlon of learning, 
to socialize knowledge in this commanity, that we eordiaSy wetcome yoo 
to these halls and throw open for yoor ose every apartment. We stand — 
and we wish to be better understood as standings — Ibr the division of 
knowledge and for its advancement, not for tlie promnlgntlonof predeter- 
mined principles. Above all otiiers in our city, this is the fitting place for 
such a gathering, convened in the name of widening mental horiaons, to 
hold its sessions. What this asFociatlon represents in the nation, that 
tills university wishes to represent hi this city and its surrounding regions ; 
and yet not in any exclusive sense, for the spirit of monopoly Is hostile 
to this ambition. We point with pride to the scientific institutions of 
Rochester, such as the Warner Observatory, so ably directed by lYofessor 
Swift; the Ward establishment, which supplies so many ob^ts of scien- 
tiflc interest to all parts of the world ; the Rochester Academy of Science, 
which meets In this building; and, indeed, onr whole edncatlonal system 
and the many Industries representing important forms of applied science. 

Your presence here is a great honor to our people, bnt it should also be 
a fsreAt benefit to them. We need to have Impressed upon ns the magni- 
tude and dignity of scientific work, and I do not see how the advent of so 
large a number of the dlstingnlshed devotees of science^ and tlie Interest 
that will be taken In your discussions, can fall to leave a profound impres- 
sion upon our citizens, sustaining the old and awakening a new enthusi- 
asm for the promotion of knowledge. 

Til ere is coming to be a better comprehension of the close relation be- 
tween science, seriously pnrsned, and tlie material, political and ethical 
life of our time. That great critic, Matthew Arnold, accused our iigeof 
a deficiency In '-'intellectual seriousness." Serious enough In the pursuant 
of its favorite nims our time certainly is, but there is some troth in Ar- 
nold's ctitlcism regarding that phase of 8erl(>o«<ness which may be called 
^Mntellectual." There Is, in many minds, a subtle doubt as to the Intrinsic 
importance of truth Itself, which leads to a toleration of much that is false. 
How destructive this is In business, in public alfairs and in the growth of 
character, we all know. Intellectual seriousness is pre-eminently the sci- 
entific virtue. It is to modern life what courage was In a militant state 
of society, — the mother — germ of all the virtues. The serious pursuit of 
truth transforms the entire existence of a community, whether it be a col- 
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lege or a city. It prodacesgood citizenship whenever its touch falls npon 
political life, dethroning fraud and enthroning Jastlce. It sweetens and 
chastens character wherever it enters. In a very real sense, science is 
salyation. Enough of it to Iielp us to malce money, or to shine in conver- 
sation, or to obtain any purfly selfish purpose, does not, indeed, save; it 
only ministers to lust or pride. But science in absorbing quantities, taken 
until it dissolves every passion and every interest in the pure love of truth 
^-truth in thought and truth In action, truth that will not compound with 
anything false either In conception or In conduct-rthat Is social salvation. 
With an almost religions zeal, therefore, the University of Rochester 
welcomes to these halls dedicated to the molding of manhood, this Asso- 
ciation FOR THE ADVANCKMKNT OF SCIENCE. 

President LeConte, in reply to these addresses of welcome, said : — 
We have long known of the beauty of Rochester, of its educational ad- 
Tantages. Now we know of the warm-hearted hospitable character of 
its people. We had a right to expect a welcome, perhaps. This body of 
scientific men has a right to a welcome from any city. We must love sci- 
ence for its own sake. Truth is its own chief reward. Only it has been 
mercifully ordered that every step in intellectual progress is also attended 
by material benefits. Astronomy, while it opens the doors of heaven to 
our eyes, also guides our navigation. Geology, besides its higher mission 
of showing the history of planets, also finds for us beds of coal and other 
minerals. These rewards are only for our encouragement, however. 
Truth is its own greatest reward. Every community honors itself in 
honoring science. Gentlemen, I thank you for the heartiness of your 
welcome. 

The Permanent Secretary then read the list of deceased members 
notices of whose death have been received since the last report. As he 
read the difl'erent names Prof. Putnam made remarks upon the members, 
their connection with the Association and the more or less active part they 
had taken In its afikirs, dwelling particularly upon the name of Dr. T. 
Stkrry Hunt an original member of the Association and Its president in 
1870 ; and upon that of Prof. Joseph Loverino who joined the Association 
at its second meeting, was the second permanent secretary and its president 
in 1873. 

The Permanent Secretary then read his cash account and account of 
the funds of the Association for the year past. 

The General Secretary announced that the Council recommended 
that the daily sessions be held on Wednesday, Thursday, Friday, Monday 
and Tuesday from 10 to 12 o'clock a. m., and from 2 to 5 o'clock p. m. 
Regularly adopted. He also announced that Hon. S. Dana Horton, Yice 
President of Section I, was detained in Europe by sickness In his family 
and that the Council recommended the election of Prof. Les.ter F. Ward 
to be Vice President. The recommendation was concurred in. It was 
then announced that Prof. Ward would deliver an address before Section 
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Thursday, August 18, 1892, Greneral Session in the Chapel of the Univer- 
sity of Rochester, 10.30 a.m. President LeContb In the chair. 

The Genkral Sbcrrtary urged all Councillors to be present at the 
Council meeting to-morrow morning at 9 o'clock. He announced total 
new members elected, 146. Attention was called to the announcement in 
to-day's programme regarding the discussion, in Section F, of the ques- 
tion of dividing that section into one of Zodlogy and one of Botany. 

The Sectional Committers were requested to meet at noon each day 
and arrange their programmes for the following day and report the same 
immediately therenfter to the Permanent Secretary. The following letter 
fk^m the Eastman Kodak Company was read. 

EoMtman Kodak Company. 
Rochester, y, F., Augu$t 13, 1899.^ 
Skorbtart of thb Amrrican Association rou 

THB ADVAMCBMKNT OF SCIBMCB. 

DbarSir: 

As the advancement of science in photogrraphy has nndonbte<lIy interested many 
members of your society we wish to extend to them an invitation to visit our new fllm 
works daringr their stay in this city. The works are located at Kodnk Park, Just out- 
side the city limits on the Chnrlotte Bonlevard, and will be open to members of the so- 
ciety Fridny afternoon, August 19th, at three o'clock. We feel sure that much that Is 
of interest to scientific people will be found there and hope that It will be convenient 
for your members to visit the works at that time. 

Yours truly, 

Eastman Kodak Company, 

Hbnrt a. Strong, 

President. 

The Grneral Srche part announced that owing to the interference of 
the hours of meeting, the writer would be requested to change the hour. 

The Pkrmanrnt Skcretary announced that 176 papers had been entered. 
That the volume of the Washington meeting, unfortunately delayed, is now 
being distributed from the office of the Association In Salem, Mass. 

The Local Skcretary, Professor Fairchild, requested all who de- 
sired to take the excursions arranged for Saturday to register at once with 
the proper officer in the office of the Local Secretary. He also announced 
that an excursion to Canandnlgua on Saturday could be arranged provided a 
sufficient number desired to go. An expression was called fur from those 
who would like to go. The session then adjourned. 

Friday, August' 19, 1892, 10.30 a.m. General Session called to order by 
President LkContk. ^ 

The General Secretary announced that the Council desired the re- 
ports from all Standing Committees by Monday morning. He announced 
also that the Council had voted that in future the titles of the Vice Presi- 
dents' addresses be sent to the Permanent Secretary as early as possible 
before the date of the meeting so that the subjects may be prluted In the 
programme of the first day of the meeting. 
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The propoged amendment to tbe const! to tlon, '^bronght over flrom last 
year, to amend article 22, line 4, so tliat the words *'F, Biology [G united 
to Section F]" shall read F, Zoology, G, Botany, was recommended by 
the Council to pnss. The amendment was adopted. 

The following letter from the Eastman Kodak Company In reply to the 
inquiry of the Gkneral Secretart was read : 

EoMtwum Kodak Cowipawn, 
RochtMter, N, r., Auffurt 18, 1899. 
▲mos W. Botlbr, 

General SBCRBTARr, 

American association for the Adtancembmt of Science. 
Dear Sir:— 

Beplyingr td yoar esteemed (Htot of this date, it will be perfectly convenient for ai to 
have the visit of yonr association to our film worlds postponed until Monday all#noon 
at foar o'clock as you suggest. We hope that a large number of your members will be 
abte to inspect the works at that time. ^^ 

Tonrs truly, 

Bastman Kodak Compant, 

Henrt a. Strong, 

The following letter from the Baosch and Lomb Optical Company was 
read:— 

Bau»6k f Lomh OpHeai Co,^ 
RoeheMter, H. r , AuguM 18, 1899. 
American association for the Advancement of Science. 
Gentlemen: 

We believe that an inspection of onr works would be interesting to many of your 
members, and we cordially invite you to visit them. 

We think it would be most practical to you and to us If yon wonld arrange your Tlslt 
in sections any day convenient for the respective sections Arom about four to aix o'clock 
in the afternoon. 
Hoping that we shall be honored with your visit, we are, 

Tours very respectfully, 

Bausch & liOHB Optical Co., 
Sdw. Bausch. 

The Secretaries were requested to report promptly to the General Sec- 
retary the time the several sections would prefer to visit the works re- 
ferred to. 

It was announced that 163 members had been elected up to this time. 

The Local Secretary requested all persons desiring to participate la 
the excursions to register at once, also that the certiflcates entitling mem- 
bers to reduced fare returning ft-om the meeting should be left with the 
Ballroad Secretary without delay. The session then adjourned. 

Same day, 8 p.m. General Session called to order in Music Hall, 
Y. M. C. A. building by Pkesidbnt LeContb. He introduced Dr. Joseph 
Jastbow, of the University of Wisconsin, who delivered an illustrated 
lecture complimentary to the citizens of Rochester on ''Hypnotism and Its 
Antecedents." The session then ac^ourned. 

Saturday, August 20. This day was given up to excursions as follows : 
To Niagara Falls and Lewlston, by special train leaving at 8.15 a.m. 
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To Portage and Moant Morris, by special train leaving at 8 a.m. 

To Stony Brook Glen, by special train leaving at 8 a.m. 

To Canandiiigua Lake, by regular train leaving at 8.10 a.m. These ez- 
cnrslons are f\illy described in the special circalar of the Local Committee. 
They were largely attended and were In every respect successftil and greatly 
appreciated and enjoyed by the members of the Association. 

Monday, August 22, 1892. The Association was called to order in 
Greneral Session at 10.30 o'clock a. m., by President LeContb. 

The Genebal Secbbtart announced the Council recommended that 
each section appoint a committee of not less than five to codperate with 
corresponding committees of the World's Congress Auxiliary of the Co- 
Inmbian Exposition and that the sections report their action to the Coun- 
cil on Monday evening. 

That all members put into the hands of the Secretaries of their respect- 
ive sections the abstracts of their papers ready for printing. 

Also that Elwanger and Barry's nurseries were open to the members of 
the Association during business hours, each day. 

The General Secretary read the report of the Committee on Data for 
the Determination of the Secular and Periodic Changes of Terrestrial 
Latitudes, and stated that the Council recommended the reception and 
printing of the report without further action aud that the committee 
be discharged. Adopted. 



Report of the Latitude Committee. 

The committee of the American Association for the Advancement of 
Science appointed at the Washington meeting to consider and report 
upon a proposed investigation of possible secular changes of terrestrial 
latitudes respectfully submits to the Association the following report : 

While considerable differences of opinion exist among members of the 
committee with respect to the probable existence of such changes and in 
a minor degree with respect to the wisdom of undertaking such an inves- 
tigation at the present time on account of the expense involved, the mem- 
bers of the committee are agreed that if such an investigation is to be 
made the best method of attacking the problem is by observations at three 
or more stations upon approximately the same parallel of latitude, but 
situated in widely different longitudes. The same stars should be ob- 
served at all of the stations with similar instruments, and the observa- 
tions should be extended over a sufficient interval of time to secure the 
elimination of any effect arising from the recently discovered short period 
variations in the latitude. Such a series of observations followed after 
an interval of from ten to twenty years by another similar series would 
furnish better evidence in regard to the existence of secular changes of 
latitude than can be obtained without such cooperation In research, but 
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the complete execution of this program would require the establishment 
of at least one observing station upon the eastern coast of Asia, and in 
the existing condition of the problem it may be questioned if the expense 
thus involved would be justified by the probable returns. 

Such observations at European and American stations can probably be 
obtained with no great difficulty, especially if the cooperation of the In- 
ternational Geodetic Association can be secured, and will doubtless fur- 
nish better material for the purpose in question than any now extant. 
Nevertheless it seems advisable to utilize so far as possible some of the 
older determinations of latitude at American stations, particularly the 
Bond-Pierce determination at Cambridge In 1845 and the earlier Coast 
Survey determinations. At the request of Professor Pickering, Director of 
Harvard College Observatory, Prof. William A. Rogers will redetermine 
the latitude of Cambridge by a method similar to that employed by him in 
1864, and the Superintendent of the Naval Observatory has expressed his 
wiUlngness to Institute a new series of observations with the Washington 
prime vertical transit for comparison with Its earlier work and to control 
the results furnished by this Instrument by simultaneous observations 
with a zenith telescope. Both the Washington and Cambridge work thus 
proposed seem to your committee eminently desirable and to promise 
substantial contributions to the solution of the problem under considera- 
tion, but the sources of error In such an Investigation are so numerous 
and the quantities to be determined so minute that It does not appear su- 
perfluous to supplement these Investigations by the redetermination of a 
considerable number of zenith telescope latitudes observed twenty or 
more years ago. In this redetermination every care should be taken to 
make the new observations comparable with the older ones by reobserv- * 
Ing, if possible, the same pairs of stars, and by so selecting the times of 
observation that the efTect of the periodic changes of latitude may be as 
nearly as possible eliminated. » 

The committee therefore submits to the Association the following rec- 
ommendations : 

I. 'I'hat a committee of the Association be appointed to confer with the 
International Geodetic Association with a view to securing simultaneous 
latitude determinations by similar methods at permanent stations upon 
nearly the same parallel of latitude in Europe and America. 

II. That the committee be further authorized to request the Superin- 
tendent of the U. S. Coast and Geodetic Survey to institute, if practicable, a 
redetermination of a considerable number of latitudes of such stations 
upon both the Atlantic and Pacific coasts as in his judgment are best 
adapted to furnish reliable Indications of a secular change in latitudes, if 
any sucli exist. 

III. That this committee be instructed to ascertain If a redetermination 
of the latitudes of the U. S. Lake Survey stations, Minnesota Junction, 
Wis., and Willow Springs, 111., can be secured through either public or 
private cooperation. 
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Besolved, That the President of the American Association for the Ad- 
yancement of Science be requested to urge upon the several Vice Resi- 
dents of this Association their cooperation in obtaining the services of 
experts in each Section for the preparation of a subject-index, with the 
expectation of its publication by the Smithsonian Institution. 

H. Carrinoton Bolton, 
Albert B. Prkscott, 
Albert R. Leeds, 
Alfred Tuckkrman. 

The following letter was read, Arom Prof. Wm. A. Rogers. 

Rochester, N. F., AugnU 22, 1892. 
Prof. F. W. Putnam, 

Permanent Secretary A. A. A. S. 
Dear Sir:—- 

In the absence of Prof. Morley the undersigned respectfully begs leave 
to report that the appropriation of 9100 made at the last meeting of the 
Association to Professors Morley and Rogers has been expended by the 
undersigned in constructing apparatus designed for the determination of 
the absolute coefficients of expansion of metals b^ween the limits 0^ and 
100^ C. in vacuoy expressed in terms of wave lengths of light of a given re- 
frangibility. This apparatus, which has been constructed at an expense 
a little exceeding $900, is now placed in position in the equal temperature 
room of the physical laboratory of Colby University, and it is expected that 
Prof. Morley will reach WatervlUe by Sept. 1, when the projected experi- 
ments will be undertaken. This report, therefore, is to be regarded as 
preliminary to a more full report, which will be made at a subsequent 
meeting of the Association. 

Respectfully submitted, 

Wm. a. lioGERS. 

Under a resolution adopted by Section F (see proceedings of Sec P) In 
relation to the proposed Biological Station In Jamaica, requesting the ap- 
pointment of a committee to report, at the next meeting of this Associa- 
tion, a plan for the establishment of a table there; upon motion the 
following committee was appointed: Prof. A. H. Tqttle, Prof. E. S. 
Morse, Dr. B. D. Halsted, Dr. C. W. Stii^s, Dr. N. L. Britton. 

At the request of Section H the Council recommended the appointment 
of Mr. W. H. Holmes, Dr. D. G. Brinton, Prof. F. W. Putnam, Prof. O. 
T. Mason and Mr. A. W. Butler to be a committee to memorialize the 
city authorities of Anderson, Ind., and the legislature of Indiana for the 
purchase and preservation of the earthworks near the city of Anderson, 
Indiana. The committee was regularly appointed. 

Announcement was made that there would be a business meeting of 
Section D after the adjournment of this session. 

By request of the Bausch and Lomb Optical Co. notice was given that 
they would be pleased to have the members of the Association visit them 
at any time during business hours Monday, Aug. 22 and Tuesday, Aug. 28. 
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The Committee to apply to Congress for a Reduction of the Tariff on 
Scietttlflc Books and Apparatus repot*ted progress. The report was re- 
ceived and the Committee continued'. 

The Local Secretary announced tbat ayrangiements had been made for 
an excursion down the River St. Lawrence to Montreal, also one to the 
Northern Adirondack Wilderness, both at reduced riites and subject to a 
sufficient number desiring to go. Persons wishing to take part in either 
of these ezcursrlous were requested to register with the Excursion Com- 
mittee as early as possible. The session adjourned. 

Same day, 8 o'clock, p. m. The Association met in Music Hall, Y. M. 
C. A. Building, to attend a lecture given under the auspices of the Rocu- 
BSTKR Academy of Science, by Mr. G.K. Qllbert; subject: — '*Coon Butte 
and the theories of its origin." 

Tuesday, August 23, 1892. General Session in the Chapel of the Uni- 
versity of Rochester at 10.80 o'clock. President LeCokte in the chair. 
The following report of the Committiee on Forestry was presented. 

Report or Committee om Fobbstky. 

Your committee reports that, while as a body it has not any action of 
its own to record, lis individual members have watched and assisted the 
progress of forest legislation. 

As a result of the law passed tn March, 1891. the President of the United 
States has used the power conferred on him by the law lit reserving live 
distinct tracts of public timberlands. In addition several large areas in 
various States have been temporarily withdrawn from market, pending 
examinations prior to their reservation. 

A bill providing for the reservation of alt public timberlands and their 
proper administration under the Secretary of Agriculture was Introduced 
during the last season* of Congress by Senator Paddock (S. 922^ referred 
to a select committee, specially constituted for the purpose, reported back 
favorably and placed upon the calendar. It has, thereby, become privi- 
leged to be called up early next session. Your committee fully approves 
of the provisions of the Mil. In view of this favorable situation and since 
It is believed that the existence of this committee representing the Asso- 
ciation on the forestry question may become of benefit In advancing this 
legislation during the next session, the committee asks to be continued. 

For the ComthltCee, 

B. E. FBE270W, Steretary. 

Upon motion the report was received and' the committee continued. 

The following resolutions ttom Section I were read ahd recommended 
by the Council for adoption. 

Witereath The tfnlted States government retains as public property a large 
forest area la lo<5allon9 where Its conservative management is Of oatlodal 
Importance, and 

Wkertat^ Such conservative management as Is needed can practically be' 
carried on only by the government Itself; 

A. A. A. S, VOL. XLI. 23 
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Btsolvedy That It Is the sense of this Association, advised bj Its commit- 
tee on Forestry, that such legislation as is embodied in the bill introduced 
and reported by Senator Paddock (S. 3135), wlilch provides for reservation 
and practical administration of the public timber domain, is deserving tbe 
endorsement and commendation of the American Association for the Ad- 
vancement of Science. 

Besolvedy That duly signed copies of this resolution be sent to the Presi- 
dent, the presiding officer of the Senate, and the Speaker of the House of 
Bepresentatives. 

The resolutions were adopted. 

The Committee on Water Analysis reported that It bad made a report of 
progress to Section C and asked its continuance. The Committee was ac- 
cordingly continued. 

The Committee to Memorialize Congress to take steps for the Preserva- 
tion of Archseologic Monuments on the Public Lands reported progress. 
The report was received and the Committee was continued. 

Upon motion, Mr. Hrnry Oannett was re-elected as Honorary Agent of 
transportation to act with the Local Committee. 

The Committee to secure an American Table at the International Marine 
Biolo&lcal Station at Naples, Italy, reported progress to Section F and 
asked to be continued with the following; change in the membership of 
the committee; Instead of Mr. B. E. Feknow who resigned. Prof. £. D. 
Cope of Philadelphia. Upon motion the Committee was continued. 

The Committee on Standard Instruments for Astronomical and Physical 
Research reported as follows : 

The Committee on Standards for Astronomical and Physical Instruments 
begs to report progress. Considerable corref-pondence has been carried on 
with various manufacturers of these Instruments, and data have been col- 
lected of value during the past year, and it Is certainly a matter of im- 
portance ta continue the committee. I 

Bespectfblly, 

J. A. Brashkar, Mem. of Committee. 

Upon motion the report was received and the Committee was continued. 
The Committee on the Endowment of the Research Fund reported prog- 
ress. Upon motion the Committee was continued. 

The General Skcretabt announced the following Fellows had been 
elected by the Council : 

Abbe, Robert, 11 W. 60th St., New York, N. Y. (36). P 
Ashmead, Wm. H., 825 Vermont Ave., Washington, D. C. (40). F 
Atkinson, George F., Auburn, Ala. (39). Q 

Bauer, Louis A., U. S. C. and G. Survey, Washington, D. C. (40). A 
Blxby, Wm. H., Capt. of Eng., U. S. A., Newport, R. I. (84). D 
Boiley, Henry L., North Dakota Agric. College, Fargo, N. D. (89). Q 
Casey, Thomas L., Room 79, Army Building, 89 Whitehall Street, New 
York, N. Y. (38). P 
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Shafeldt, Dr. R. W., SmUhsonian Inst., Waahington, D. C. (40). P 
Smith, Alex., Ph.D., Crawfordsville, Ind- (40). C 
Suow, Julia W., La Salle, 111. (39). G 
Speyers, Clarence L., Columbia, Mo. (36). C 

Starr, Frederick, Ph.D., Uiilv. of Chiiago, Chicago, 111. (36). H B . 
Stedman, Prof. John M., Trinity Univ., Durham, N. C. (40). P 
Steele, Miss Maria O., 138 Mom ague St., Brooklyn, N. T. (35). Q 
iStelnraetz, Chas. Proteus, 124 Waverly Place, Yonkers, N. Y. (40). B 
r6tejneg:er, Leonhard, Curator Dept. of Reptiles, National Museum^ Wash- 
ington, D. C. (40). F 
-Stiles, Dr. Ciias. W., Dept. of A^rlc, Washington, D. C. (40). P 
Sturgis, Wm. C, 884. Whitney Ave., New Haven, Conn. (40). G» 
Swlnisle, W. T., Dept. of Agrtc, Washington, D. C. (40). Q 
'Thwlng, Charles B., Northwestern Univ., fivanstx>n. 111. (38). B 
Warner, Prof. A. G., Lelnnd Stanford Jr. Univ., Palo Alto, Cal. (38). I 
White, David, U. S. Geol. Survey, Washington, D. C. (40). B P 
Wilson, Herbert M., U. S. Geol. Survey, Washington, D. C. (40). D B 

The General Sbcrktart announced the Council had granted the fol- 
lowing applications for money from the income of the research fund. 

To Prof. £j>WARD Hart ^100 to aid him in the reduction of the metal 
:glucinum. 

To Ppof . Joseph Jastbow ^100 to aid him in psychological research 
iin.eoiinec€ion with the World's Fair. 

To <tUe Committee on American Table at the Marine Biological Labora- 
tory at Naples ^100, provided the committee raise $400 additional for that 
(purpose. 

The General Secretary read the following letters : 

Omaha, Neb., A%g. 13, 1892. 

Sbgretart Ambricam Association for the Advancsment or Science. 
Mr DEAR Sir: 

Permit me as Secretary of the Omaha delentiflo Association to extend through yon 
to the American Association a most cordial and hearty Invitation to hold your next an- 
nnal meeting in oar young but growing city. 

Such a decision on your part would do much to adTaooe aoientlllo thought anong ua 
and we in return can promise to care well fur yon wjiile here. 

I am, most respectfully yours, 
S. K. ToWME. 

San FrancUco, Jvljf 97, 1892. 
Prof. F. W. Putnam, 
Dear Sir: 

The following Is a true copy of Resolution No. 7047 (Third Series) adopted by the 
Board of Supervisors of the city apd county of San Franoisoo, Caliromia. at .their meet* 
ing held on Monday evening, July 25, 1802. 

"Resolution No 7467 (Third Series). Ruolved, that the Board of Supervisors of the 
city and county of San Francisco does hereby extend to the American Association 
for the Advancement of Science an invitation to hold its annual meeting in 1805 la tlua 
city, assuring them at the, same time of a most cordial ivejcome from all our citUeas.'* 

Respectfhlly, 

Jacob BcssELL, Clerk, 

W. Z. Patterson, Dtpuijf, 
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« 

BtrkeUif, Aug. 5, 1899, 
Dear Propkssok LeContb: 

At a meeting of our Academic Connctl it was nnanimoiisly voted to join in an Invi- 
tation to the Amerioan Aspocinttion fbrthe Advancement of Science, to hold ftii annual 
meeting for 180ft in the city of San Francisco. A Committee wsb appointed to Boliolt 
cooperation In this matter fVom the Stanford University, the California Academy df 
Sciences, and the City Government of San Francisco. It is understood that these, and 
perhaps other institutions, will transmit invitations parallel with ours. 

Will yon, as a member of this Committee, and In behalf of our University, tender 
such an invitation to the A. A. A. S., over which yon are this year to preside ? 

For the Committee, 

Mabtin Kellooo, AeVg Pres*t Univ. Cal, 

teland Stanford Junior Univertity, Palo Alto, Cal., 

July 24, 1892, 
To THE Secretary of the A. A. A. S. 

Sir: 

The Faculty of theLeland Stanford Junior University begs to extend to tlie American 
Association for the Advancement of Science a moAt cordial and urgent invitation to 
hold its annual meeting in 1885 in the city of San Francisco, Cal. 

We assure you we shall be delighted to do all in our power as an Institution of learn- 
ing, as a fucalty.and as individuals to make the visit of the Association on that occa- 
sion a pleasant and a profitable one. 

On behalf of the Faculty, 

John C. Branmer, 

J. M. StILLMAK, 

Cha». D. Mabx* 

San Franciieot CaU, August 10, 1892. 
to the cocncil of the ambrtoan a880ciatiok for the advakceillbnt of science, 

Rochester, N.T. 
Sirs: 

The Ca1ifoi*nia Academy of Science begs to Invite the American Association for the 

Advancement ofSeience to hold its annual meeting in 1895 In the olty of San Francisco. 

The Academy will be. glad to extend the privileges of Its lectnre room, library and 

collections to the Association, to assure its members of a most cordial welcome, and 

to do all in its power to make this meeting in this city a pleasant and profltable one. 

With respect, 

H. W. HaRKNESS, M.D. Ptwidtnt. 

J. R. SCUFHAM, Secretary. 

OMoago Academy of Sdencee, 

Chicago, U. S. A.^ August 12, 1892. 
To THE President and Council of the ' 

American Association for the Advancement of Science. 

Gentlemen :— 

The undersigned, In behalf of the Chicago Academy of Sciences and by 
its order, most respectrully and most cordially invite the American Associaiioh for the 
Advancement of Science to hold Its meeting for the year 1898 In the city of Chicago. 
The magnitude and perfection of the preparations for the coming Exposition, the most 
complete, as it will be the latest material presentation of the World's progress, —the 
concrete expression of the most advanced and the noblest civilization; the jubilee 
which will gather from all nations the representatives ofevery phase of human progress ; 
theee and other items wliieh we need not cite to your intelligence, serve to fbrecas t 
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the reports of officers, appointing committees for the next year, etc., the Auxiliary 
will, though at considerable inconvenience, endeavor to arrange brief sessions for the 
transaction of such necessary buf^iness by attending societies. 

While the World's Congress Anxilinry, as an American organisation. Is very desirons 
to reserve the best opportunities and the highest honors of the Congresses of 1893 for 
the eminent societies and imlividuals of other countries, who will honor them with 
their attendance and participation, the Auxiliary, at the same time, earnestly desires 
and solicits the active cooperation and aid of all appropriate American aooieties in 
the great work it has undertaken. . 

Provision for such cooperation and aid has long since been made. Each Congress 
Is in charge of a local committee of arrangements assisted by an advisory council 
of eminent persons, selected f^'om the different countries of the world. All appropriate 
existing societies and Institutions are cordially invited to appoint their respeotive 
committees of codperation, to assist the Committee of Arrangements and Advisory 
Council In making the arrangements for the several Congresses. These committees 
of cooperation will be recognized by the Auxiliary as the appropriate representatives 
of the institutions or organizations by which they are appointed ; and will be welcomed 
to a direct and active paitlclpation in tlie World's Congress work. The idea of the 
Auxiliary is to recognize and honor In every appropriate way the learned societies of 
its own country, with the proper deference above mentioned to foreign societies. 

With these explanations of its plane and purposes, a cordial Invitntion is hereby ex- 
tended by the Worhl's Congress Auxiliary to the American Association for the Ad- 
vancement of Science, and to the various organizations connected therewith, to attend 
and participate in the Congresses to i>e held in the Department of Science and Philos- 
ophy, in connection with the World's Columbian Exposition, in July or August of 
next year. The exact date is under consideration, and will soon be announced. 

Tour Association is Invited to appoint, not only a committee of cooperation on b^ 
half of your whole organization, but special committees of codperation for tlie varions 
sections of your body, in order that tiie Auxiliary may have the benefit of the advice 
and assistance of such committees In the preparation of progi*ammes for the various 
Scientific Congresses of 1808. 

Any additional explanations which may be desired will be made by chaii*men of the 
Auxiliary committees, some of whom will be in attendance on the meeting of your 
Association. 

With a high appreciation of the long and distinguished career of your Association, 
and sincere respect for its officers and members, I have the honor to be, 
Very sincerely yours, 

Charles C. Bommbt, President World's Congreu AuxOktry. 

SocheMter, N, T. Aug. 18, 1892. 
To TUB Council of thb a. A. A. 8. 

Gbntlbmem : 

At a meeting of the Wisconsin Academy of Sciences, Arts and Letters, held at Green 
Lake, Wis., June 4, 1892, It was voted to extend to the American Association for the 
Advancement of Science a cordial invitation to hold its annual meeting of 18i)3 in the city 
of Madison, the headquarters of the Academy. 

Wm. H. Hobbs, Secretary. 

MadUon, Wit., June 24, 1892. 
F. W. Putnam, Secrbtart, 

Salem, Mass. 
Dear Sir: 

I am dii-ected by the Board of Regents of the University of Wisconsin to extend to 
the Council of the American Association for the Advancement of Science, Its most cor- 
dial invitation to hold tiie annual meeting of the Association for 1883 in Madison, Wis- 
consin, and tender to it the use of our University buildings and facilities for such meet- 
ing. 

Very respectfully, 

£. F. Rilbt, Secretary, 
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MadUon, WU., Aug. 27, 2892. 
F. W. PCTTNAM, E6Q., ROGRBSTER, M. T. 

Pbrmanbmt Segrbtart, a. ▲. a. S. 
Dbar Sir: 

By directions of onr Mayor and CommoB Council I beg lo enclose a copy of resolution 
adopted by tbe coancil of our city at its last regular meeting, inviting your AasociaUon 
to hold its /text meeting in this city. 

. Hoping the Association may And It convenient to accept the invitation, meat oordially 
extended, I remain 

Tours truly, 

0. 8. NORMIAN, Oily CUrh. 
"By Aid. Heyl : 

J9e U Ruobftd, That tbe Mayor and Common Connoll of die city of Madison, Wisconsin, 
desire to renew to tiie American Associntion for the Advancement of Science their cor- 
dial invitation to hold its forty-sooond annual meeting (1888) in this city. 

We beg to assure the Association that the citizens of Madison will feel honored by the 
aooeptMnce of this invitation, and will heartily co<)perate in providing the usual fkeil- 
ities for tlie meeting. 

On motion of Aid. Heyl the rules were suspended and the resolution adopted unan- 
imously." 

It was voted that all the invitations read be receiyed and gratef ally ac- 
knowledged. 

The General Sbcebtabt announced that the Nominating Committib 
recommended that the next meeting of the American Association for 
THE Advancement of Sciknce be held in the city of Madison, Wiscon- 
sin, beginning on the third Thursday in August, 1898, and that the Council 
be given authority to change the date if such action is found to be desira- 
ble. The recommendation was unanimously adopted. 

The following fellows were recommended by the Nominatino Commit- 
tee as officers for the next meeting. 

President : William Harkne^s, Washington, I>. C. 

Vice Preeidents : Section A, C. L. Doolittle, South Bethlehem, Pa. B, 
E. L. Nichols, Ithaca, N. Y. C, Edward Hart, Ea^itton, Pa. D, S. W. 
Robinson, Columbus, O. E, Chas. D. Walcott, Washington, D. C. F, 
Henry F. Osborn, New York, N. Y. 6, Charlks £. Bksset, Lincoln, 
Neb. H, J. Owen Dorskt, Tacoma, Md. I, William H. BuEwkb, New 
Haven, Conn. 

Permanent Secretary: F. W. Putnam, Cambridge (office Salem), Kass. 
[holds over]. General Secretary :T. H. Norton, Cincinnati, Ohio. Secre* 
tary of the Council: H. L. Faircrild, Rochester, N. Y. 

Secretaries of the Sections: A, Andrew W. Phillips, New Haven, Conn. 
B, W. LbContk Stevens, Troy, N. Y. C, J. U. Nef, Chicago, 111, D, 
D. S. Jacobus, Hoboken, N. J. E, Robert T. Hill, Austin, Tex. F, L. 
O. Howard, Washington, D. C. G, F. V. Coville, Washington, D. C. 
H, Warren K. Moorhkad, Xenia, O. I, Nellie S. Kedzie, Manhattan, 
Kan. 

Treasurer: William Lilly, Mauch Chunk, Pa. 

The Secretary was unanimously authorized to cast the ballot of the 
Association for the election of the persons nominated. The chair declared 
them duly elected. 
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The following statement in the form of a proposition was read by the 
General Secretary : 

That the American Association for the Advancement of Science appoint 
a committee with the power to act for the purpose of conferring with the 
authorities of the World's Columbian Exposition, for the use pf special 
rooms for each of the sections of the American Association for the Ad- 
yancement of Science, during the entire period of the Exposition. The 
rooms to be in the buildings containing the exhibits most closely allied to 
sciences of the respective sections, to be used as a headquarters for mem- 
bers visiting the Fair, and for the entertainment of those interested in the 
same sciences in the United States and abroad. 

The members to use the rooms for the reception of mail matter, as a 
yisiting place, reading room and to entertain the visiting members whose 
whereabouts could be readily ascertained if a register were kept in each 
room.-— Georqk F. Kunz. 

Upon motion a committee consisting of the Secretaries of the Association 
and of the several Sections for next year was appointed to confer with 
the authorities of the World's Columbian Exposition, with a view to ef- 
fecting the arrangements proposed by Mr. Kunz. 

Upon motion of Prof. F. W. Putkam, the greetings of the Association 
were sent to Mrs. Mary Kmo, of 85 Madison street, Rochester, N. T., 
the oldest living member of the Association. Mrs. King is ninety-three 
years old and on account of feeble health was unable to attend the meet- 
ings of the Association this year. 

The session then adjourned. 

In the afternoon there was a short excursion to the State flsh hatchery, 
at Mumford, which whs quite largely attended, as the Sections finished 
their work and adjourned at noon. 

Same day ; 8.30 p. m. The concluding General Session of the Association 
was held in Music Hall, Y. M. C. A. building, President LkContk in the 
chair. 

The following communication was read, but ovring to the fact that it had 
not come in the regular way, before the Council, no action could be taken. 

Bochester, N. T., Aug, 28, 1892. 

In the absence of a national flower it is suggested that the American 
Association for the Advancement of Science embody among its resolu- 
tions passed with reference to the Columbian Exposition, a request to 
adopt the Columbine as the flower of the fair ; leaving the national flower, 
whatever it prove to be, to grow in popularity. 

Its name comes from the same root as Columbia, a name our country 
often bears; it is classed with the **Aquilegia,'* or Eagle variety, because 
its petals end in spurs resembling the talons of an eagle ; it grows in red, 
white and blue, our national colors ; it has flve trumpet-shaped petals, cor- 
responding to the five points of the star upon our fiag, and these are 
grouped around a central shaft, similar to the arrangement of the States 
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aronnd the central government; and it is indigenons to the North Ameri- 
can continent, a hardy perennial and wild flower that is found in every 
part of our land, growing even upon the Rocky mountains in the very 
heart of the country. 

The Columbine is appropriate in name, color and form. Its name sug- 
gests Columbia ; its colors are the colors of Columbia^ and its form is the 
prototype of the Phrygian liberty cap, the head-dress of Columbia, and is 
a copy of the cornucopia, the sjrmbol of the Columbian Exposition. 

It would be a living monument with which to commemorate the national 
event. — T. T. Swinburne. 

Prof. F. W. Putnam, the Permanent Secretary, made the following 
statistical report of the meeting. 

There have been presented addresses and papers as f oUows : — 1 Presi- 
dent's address ; 8 Vice President's addresses ; 4 Reports and several other 
reports of progress; 1 public lecture, 24 papers in Section A, 21 in B, 20 
in C, 15 in D, 19 in E, 57 in F, 85 in H, 7 in I; making a total of 198 papers 
read out of 208 received. A new Section has been formed for Botany, 
to be known as Section G. 65 fellows were elected; 175 members were 
elected. 456 members and associates registered from the following places : 
— Rochester, 82 ; New York State (other than Rochester), 103; Washing- 
ton, D. C.,53; Ohio, 85; Pennsylvania, 29 ; Massachusetts, 24 ; Indiana, 22; 
Illinois, 20; Canada, 18; Michigan, 16; Connecticut, 13; New Jersey, 11; 
Iowa, 10 ; Wisconsin, 10 ; Missouri, 6 ; Kentucky, 5 ; Tennessee, 5 ; Mary- 
land, 5; Alabama, 5; Georgia, 8; Vermont, 8; New Hampshire, 3; Maine, 
8 ; California, 8 ; Minnesota, 2; West Vliginia, 2 ; Florida, 2 ; Louisiana, 2 ; 
Mississippi, 2; Rhode Island, 2; North Dakota, 1; Kansas, 1; Texas, 1; 
Virginia, 1 ; North Carolina, 1 ; and from Hungary, 2. 

The following resolutions were read by the General Secretary, who 
moved their adoption. 

Whereas, The Rochester meeting of the American Association for the 
Advancement of Science, ending this evening, has been a notably success- 
ful and profitable one, and one which will long be remembered with pleasure 
by those who participated in it ; and, 

Whereas, The success, profit and pleasure of the meeting have largely 
grown out of the generous hospitality, the untiring energy, and the con- 
stant aid of certain individuals and institutions ; therefore. 

Resolved, That the cordial and hearty thanks of 4;he Association shall be 
and are hereby tendered, 

1. To the municipal authorities of the city of Rochester, for their 
kindly invitation of a year ago to meet within their walls, and for the 
warm welcome with which our coming was greeted on behalf of the city 
by the Honorable Richard Curran, Mayor of the city of Rochester. 

2. To the authorities of the University of Rochester for the free use of 
the grounds, rooms i^nd facilities of their noble institution of learning 
throughout the meeting, and particularly to President David J. Hill, for 
his hearty welcome and constant efforts in our behalf. 
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8. To the local committee for the many facilities for successful work 
and agreeable recreation afforded by their liberality and forethought, and 
particularly to the President, Dr. Edward M. Moore, for his hearty greet- 
ing and unflagging courtesy, and to the Local Secretary, Prof. H. Leroy 
Fairchild, for his untiring and efficient efforts to promote scientific success 
and bodily comfort. 

4. To the Committee on Excursions for their eminently satisfactory ar- 
rangements, and to the New York Central and Hudson River Railway 
Company, the Western New York and Pennsylvania Railway Company, 
the Delaware, Lackawanna and Western Railway Company, and the Buf- 
falo, Rochester and Pittsburg Railway Company for special trains to 
Niagara Falls, Canandaigua Lake, Portage and Mount Morris, Stony Brook 
Glen and the State Fish Hatchery at Mumf ord ; and also to the good people 
of Canandaigua and Mount Morris for their generous hospitality. 

5. To the Ladies' Reception Committee for their constant and eminently 
successful efforts to render our stay agreeable, for their presence and at- 
tention at the general and sectional meetings, and i)articularly for their 
courteous and sumptuous reception and for their provision for drives 
through their beautiful city; also to Mr. D. W. Powers for the use of his 
splendid Art Gallery for the reception by the Ladies' Committee. 

6. To the Young Men's Christian Association for their kindly reception, 
and particularly for the use of their music hall and rooms for lectures 
and for this general session. 

7. To the Press of Rochester for intelligent and faithful reports of our 
meetings ; to the Railway companies whose lines lead to Rochester from 
all* parts of the land, for highly appreciated concessions ; and to the Bell 
Telephone Company for special facilities and favors ; and 

8. To the many business establishments of Rochester that have contrib- 
uted so much toward rendering our visit agreeable and instructive by 
affording special opportunities for the inspection of interesting processes 
in applied science, notably the Bausch & Lomb Optical Company, Ward's 
Natural Science Establishment, th3 Eastman Kodak Company, and the 
Ellwanger & Barry Nurseries. 

These resolutions were seconded by Mr. Geo. W. Hollkt, by Prof. 0. 
T. Mason, Prof. S. H. Gage, Rev. H. C. IIovey, Mr. Geo. F. Kunz, Prof. 
E. W. Claypolb, and Prof. T. H. Safford. 

Prof. S. A. LATTfMonE, of the University of Rochester responded on be- 
half of the Local Committkb. 

The Locat< Secrrtary made the following announcement : 
Any members of the Association who would like to visit the salt-shaft 
at Livonia, which shaft was completed on Friday last, are requested to 
meet Prof. H. T. Fuller at the Livingston at 9.10 a. m. to-morrow, if the 
weather is favorable. Free transportation through the courtesy of Su- 
perintendent Thompson of the Erie Railway, will be furnished. Train 
will leave Erie Depot at 9 :25 a. m. and return at 5 p. m. 
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larly after the receptions and excursions have brought them into personal 
relations with the members, and the work and the objects of the Associa- 
tion have been made known. This is an Importiint consideration in connec- 
ion with two of ihe great objects of the Association which are, in the words 
of the constitution, ''to procure for scientitlcmen Increased facilities and 
a wider usefulness" and also **to promote Intercourse between those who 
are cultivating science in different parts of America." Both of these ob- 
jects are certainly fostered by the social intercourse of the members with 
each other and with interested and cultured people of each community in 
which the Association meets, as much as by the formal presentation 
and discussion of papers. Many persons attending the meetings and 
becoming acquainted with the workers in science have had their attention 
for the first time directed in a serious manner to scientific methods and 
problems and, in consequence, have become earnest promoters of scien- 
tific work ; while others have been led to take up scientific studies. . 

A matter of particular note at the Rochester meeting was the discus- 
sions following many of the papers read in the sections. These discus- 
sioiis are often of as great importance as the. papers upon which they are 
based, and it seems desirable that arrangements should be made for prop- 
erly reporting and printing the more important in connection with the 
abstracts of the papers. It is not to be expected that the secretaries of 
the sections will be able to make stenographic reports of such discussions, 
but the question may well be asked if the time has not come when each 
secretary of a section should have a stenographer by his "side who would 
prepare a report of each day's meeting, which the secretary would re- 
vise and prepare for publication In the Proceedings in connection with 
the papers. This report would increase the value and importance of 
the proceedings, but it would entail additional work upon the secretaries 
and would necessitate employing nine stenographers during the meetings 
of the sections. This would be a considerable expense but the subject Is 
certainly one that should be considered. 

For several years the botanists have attended the meetings of the As- 
sociation in constantly increasing numbers, evidently in large part owing 
to the activity of the Botanical Club of the Association, and in conse- 
quence the number of botanical papers offered in the Biological section has 
overcrowded that section. Tills finally led to the demand for a special 
section for botany and at the Washington meeting a proposition was made 
to amend the constitution and establish the section. This amendment was 
adopted at Rochester and Section O, Botany, is now fully organized to take 
effect at the Madison meeting. It henceforward will devolve upon the 
botanists of the country to sustain the section as they have the Botanical 
Club and it is to be hoped that the Entomological Club and other zo5lo- 
gists will be equally active in section F, which is now confined to Zoology. 
As certain papers are of general interest to all naturalists, it is agreed that 
at least one day at each meeting shall be for a union meeting of the two 
sections. 

The accommodations for the meeting at the University o£ Rochester were 
in every way all that could be desired, and to the forethought of the efficient 
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Local Secretary the Association is greatly indebted for the thorough ar- 
rangement made at the University and the many facilities there given to 
the members. Unfortunately, the accommodations at the hotel headquar- 
ters were not as satisfactory as has been the case at most meetings. 

The comfortable weather during the meeting was more than was ex- 
pected after the long heated spell and was a great relief to the members 
in attendance. The excursions on Saturday and following the meeting 
were in every way successful and enjoyable. 

During the week preceding the Association meeting the several affili- 
ated societies held their meetings and nearly all were well attended. 

In the interval between the Washington and Rochester meetings notice 
of the death of thlrty-flve members have been received. Among these are 
two past presidents : — Dr. T. Sterry Hunt who was an original member of 
the Association and its president in 1870 ; and Professor Joseph Levering 
who joined the Association at its second meeting,1849 ; was president in 1873, 
.and for nineteen years, 1864-1872, held the office of Permanent Secretary. 
This list also includes the names of Professor William P. Trowbridge 
who was the first Vice-President of Section D, 1882, and of Sir Daniel 
Wilson who pieslded as chairman of the then subsection of Anthropology 
in 1879 ; also of Dr. Henry I. Bowditch who became a mamber at the sec- 
ond meeting and was thus among the oldest members of the Association. 

The statistics relating to the attendance and the papers presented at 
the Eochcster meeting, which I gave as usual at the closing session, are 
incorporated in the report of the General Secretary ; the following are 
those relating to membership and to the distribution of the publications. 

Of the 175 members elected since the Washington and during the 
Rochester meeting, 1 has declined membership, 147 have perfected their 
membership, as have 5 who were elected at the Washington meeting; 7 
members have paid their arrears and the assessments of I were remitted 
by the Council, and these have been restored to the roll. 

This makes 160 names added to the roll since the Washington volume 
was published. The name of one corresponding member has been trans- 
ferred to the list of members. 

From the Washington list, 8 names have been transferred to the list of 
deceased members; 11 members and fellows have resigned and 168 have 
been omitted for arrearages, making a deduction of 177 from the list. 

One member has become a life member and 38 members have been 
transferred to the roll of fellows. 

The following Is a comparative statement of the roll as printed in the 
Indianapolis and Washington volumes and In the present volume : 





Indianapolis. 


Washington. 


Rochester. 


Patrons, . 


S 


8 


8 


Corresponding members, 





3 


2 


Members, . 


1,186 


1,269 


1,?46 


Honorary fellows, 


2 


2 


2 


Fellows, . . • 


746 


777 


784 



1,936 



2,064 



2,087 
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868 SXECUTIYB PROCEEDINGS. 

F. W. PUTNAM, PERMANENT SECRETARY^ 
Dr. The AuKwojosf Association for 

1891-«2. 

To admission fees Rochester Meeting $125 00 

'* " previous to Rochester Meeting . 940 00 

Fellowship fees " . 114 00 

$1,179 00 

Assessments previous to Wnsliington Meeting . 883 00 

" for Washington Meeting 8,978 00 

*« . for Rochester Meeting 441 00 

Associate fees, Wasliington meeting ..... 213 00 

6,615 00 

Publications sold 185 71 

Received for binding 66 70 

— 201 41 

Postage and express charges refunded .... 4 42 

Exchange on checks 43 

4 85 

Life membership commutations 160 00 

Income Research fund 1890-91 260 00 

*» " " 1891-92 250 00 

660 00 

To balance flrom last account 1,040 92 



$8,6i»i IS 
t iiav« examined the above account and 
August 26, 169tf. 
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INDEX. 



PAOB 

Aboriginal qnamies of flakable Btone and their bearing npon the question of 

paleolithic man .».....». 279 

Acetone, decomposition with concentrated sulftiric acid 100 

Act of incorporation xxix 

Address of Ketiring President 1 

Vice President, Section A 17 

B 87 

C 08 

D 126 

'- E 140 

P 188 

H 280 

1 801 

— — — welcome 838,841, 884 

Air compressors 188 

Algebra, Imaginary of. » 88 

Alkalies, inAra-red spectra 87 

Alphabet of Landa 281 

Amendments to constitution.... 846,848 

American Association of Geologists and Naturalists, Meetings and officers... six 

• table at Naples, grant to 866 

^-^— — — -^— report 228 

Ammonia, influence on amorphous substances to Induce crystallization...... 106 

Ancient earthworks in Ontario 280 

Anemometers for measuring velocity of air in flumes 187 

Anthracnoses, secondary spores 221 

Anthropologic sciences, proposed classification and international nomencla- 
ture 267 

Anvil-shaiied stones 286 

Arc, distribution of energy in spectrum 86 

Arohbold.Q., title of paper ... 114 

Arey, A. L., title of paper 178 

Arthur, J. C, How the application of hot water to seed increases the yield. ... 226 

Attendance at meetings zz 

Bacteria in vegetable tissue 222 

Bacteriological investigation of marine waters 228 

Bailey, L. H., On the supposed ooiTelations of quality in firuits— astudy in 

evolution 211 

Bauer, L. A., title of paper 63 

Baubch and Lamb Optical Co 848,862 

Beach, S. A., Noteson self-pollination of thegr»pe 216 

Beal, W. J., A study of the relative lengtlis of the slieaths and intemodes of 
grasses for the purpose of determining to what extent this is a 

reliable speciflc character 220 

— titleof paper • 227 

(871) 
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INDEX. 878 

PAOB 
ComBtock, J. H.; The descent of the Lepidoptera. An Application of the 

theory of natural selection to taxonomy 199 

Conant, L. L., Primitive number systems 270 

Condenser for volatile liquids and water analysis ' 108 

Congruence-group of order, 860 contained in the group of linear ft-actional 

substitutions 62 

Constitution ' xxx 

amended 846,318 

Cooke, O. F., title of paper 227 

Copan, Honduras, Explorations on the main structure at 271 

Cope, E. D., The Cenozoic bedB of the staked plains of Texas 177 

On a new form of Marsupialia from the Laramie formation 177 

Copper implements and ornaments 291 

mines, Ancient of Lake Superior 277 

Corresponding Members xzxviii 

Council, Liochester Meeting , xii 

Coville, F. v.. Characteristics and adaptations of desert vegetation 219 

Geographic relationship of the flora of the high Sierra Nevada, 

California 218 

— — title of paper 227 

Crafts, B.H., " " " 886 

Crawford.J., " " " 178 

Cresson, H. T., Brief remarks upon the alphabet of Landa 281 

Curran, R., Mayor of Rochester, Address of welcome 341 

Curves of the third degree 66 

Cushing, F. H., title of paper 296 

Cuyahoga river, episode in its history 176 

Deceased Memiiers xciv, 316 

Deferred payments, standard of .* 326 

Denton, J. B., Method of measuring the loss of power by drop of pressure 

between cylinders la multiple cylinder engines 138 

-»— Steam economy of the engines of the screw ferry boat Bremen 136 

Desert vegetation 219 

Diemyctyius viridescens brain 197 

Di-ethy 1-carbinamin and its conduct towards nitrous acid 109 

Digestive tract of Ganoids 197 

Dolbcar, A. E., title of paper 90 

Doolittle, C. L., titles of papers 63 

Doran, E. W., title of paper....'. 202 

Douglass, A. E., " '* " 296 

Dynamometer ; 141 

Eastman , J. R. , Address 17 

Kodak Company 847,348 

Earthworks near Anderson, Indiana 286 

«— preservation of. 352 

Electrolytes, specific indactivo capacity of. 84 

Elwanger and Barry 849 

Engines of the screw ferry boat Bremen..... 185 

Excursions 848,868,861,864 

Executive proceedings 887 

Fairchild, D.F., title of paper *. 228 

U. L., Local Secretary 846 

Farquhar, Hm Competition and combination in nature 323 

elected Secretary 846 

title of paper 836 

Fellows Ixix 

elected 864 
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874 ' INDEX. 

Paob 

Fernow, B. E., Economic conditions antagonistic to^a consenratiye forest 

policy 828 

title of paper 8S8 

Ferry, E.S., Persistence of vision 81 

Fertilizers, effect of upon Juice of 8iigui>cane IIS 

Fig and capriflcatton, fertilization of. SU 

Fisii, P. A., tltleof paper SOS 

Flora of the liigh Sierra Nevnda, CHlifornia '. 818 

Flowers, influence of odor and color in attracting insects 216 

Forest policy 3S9 

Forestry, report and resolutions '. S38 

Formula) for total radiation between IS* C. ami 110* C 87 

Fort Ancient, Ohio S90 

FranlLiin, W. 8., B. M. F. between normal and strained metals in voltaic cells 8S 

Froot, E. B., title of paper 68 

Fruits, supposed correlations of quality in 811 

Funds 867 

Fungicides, germination of seed treated with ^ 813 

6age,S. U., Address 183 

S. P., A preliminary account of the brain of Diemyctylus vlridescens, 

based upon sections made Uirough the entire bead 197 

Ganoids, digchtive tract 197 

Gardner, C B., invocation 888 

Gas worlcs, resultdof municipal ownership 148 

Gause, F. T., livlative economy of a single cylinder air comprassor with cool- 
ing by a spray of water and the present economy of the compound com- 
pressors at Quai de la Gare, Paris 188 

General Secretary, report .,. 837 

Gilbert, G. K., lecture by 853 

Glow-lamp, distribution of energy in tlie spectrum 88 

Goldsmith, £., The influence of ammonia on amorphous substances to induce 

crystallization 105 

Gomberg, M., Trimetiiyl-xanthin and its derivatives 107 

Grape, self-pollination 216 

Grasses, sheaths and internodes '. 880 

Guinea pigs, immunity trom hog cholera by the use of blood serum from im- 
munized animals 201 

Hale, G. K., The spectroheliograph of the Kenwood Astro-physical Observ- 
atory, Chicago, and results obtained in the study Of the sun 66 

^-^ title of paper 63 

Halsted, B. D., A bacterium of Phased us 821 

— Pleospora of Tropaeolum mnjus 221 

^-^ Secondary spores of Anihracnoses 221 

Hargitt, C. W., title of paper 202, 227 

Hart, C. P., Demonstration of a recently discovered cerebral porta 296 

i— E., grant to 866 

title of paper 114 

Hathaway, A.S., Lineo- linear vector functions 69 

Heat, negative specific 142 

Hepatic flora, boreal and sub-boreal 219 

Heredity of acquired characters 202 

Hill, D. J., President of University, Address of welcome 848 

R.T., titles of papers 170 

Hlnrichs, G.. *' *» " 90,114 

Hirschfeider.C. A., Ancient earthworks in Ontario 289 

— •^^— Evidences of pre-historic trade in Ontario 290 

Hitofaceck, C. H., Terminal moraines in New England 178 
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PAOB 

Hofc cholera germ Ill 

Holley, G. W., title of paper * 90 

Holllck, A.» Paleobotany of the yellow frravel at Bridgeton, N. J 177 

Holmes, W. H., Aboriginal quarrieB of flakable Btone and their bearing upon 

the qaestlon of palaolithlc man t79 

— * -^ — AddresB 289 

— -^ -^ Sacred pipestone qnarries of Minnesota and ancient copper 

mincBof LakeSnperior 877 

On the Bo-called palsBolitbio implements of the Upper Mis- 
sissippi 280 

Honduras expedition of the Peabody Musenm 271 

Honey, some points in composition 112 

Honorary Fellows Ixiz 

Hoover, W.,titleof paper 68 

Hopkins, 6. 8 , On the digestive tract of some North American ganoids 197 

Hongh, G. W., Description of a transmission dynamometer 141 

~ — ^ title of paper 90 

Hnnt.T. 8., Deceased 345,886 

Immunity in irninea pigs ft'om hog cholera by the use of blood serum flrom 

immnnized animals 210 

Indian camping sites near Brookville, Ind 286 

Indian forts in New York '. 284 

International congress of Anthropology, report of committee 297 

lodomercurates of organic bases..... Ill 

Iron, constancy of value in strong magnetic fields 88 

Iroquois, early religion of. 284 

Jacobus, D. S., Measurement of total heats of combustion 186 

.^^— Steam economy of the engines of the screw ferry boat Bremen 185 

Use of anemometers for measuring the velocity of air in flumes 187 

Jamaica biological station, committee 852 

proposed biological station 229 

Jastrow, J., grant to 856 

-^ lecture by 848 

title of paper 297 

Johnson, J. B., Address 125 

title of papers 145 

Kellerman, W. A., Germination at intervals of seed treated with ftmgicides 212 

— — — title of paper 227 

Kershner, J. B., title of paper 68 

King, Mrs. Mary, Greetings to 861 

Kost, J., titles of papers 179,297 

Kunz, G. F., title of paper 179 

Landa alpliaiiet 281 

Laramie formation Marsnpialia 177 

Latitnde committee, report of. 849 

Lsttimore, 8. A., title of paper 114 

Least square fallacies 57 

LeConte. J., President 8.{7, 345, 846, 847, 348, 849, 853, 862, 364 

Lepidoptera, descent of. 199 

Lesage-Thomson gravitation theory 88 

Lespedoza, North American species 219 

Leverett, F., Notes bearing upon changes in the preglacial drainage of west- 
ern Illinois and eastern Iowa 176 

Lineo-linear vector rtinct ion 8 59 

Local Committee, Bochester meeting xlil 

Secretary 346.847,848,858 

Lofering, J., Deceased 845,868 
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Paob 

MacnirTane, A., On the imaginary of algebra 8S 

McGee, W. J., Comparative chronology 98S 

titles of papers 179 

Macloslcie, 6., title of paper 827 

Madison Meeting, Officers xviii.SflO 

Wifl^ Invitations from 359,800 

-Meeting of 1888 880 

Makania scnndens, root system 317 

Manometric fliime 82 

Marine waters and the seefloor, bacteria 288 

Marsnpialia from the Laramie formation 177 

Mason, O.T., title of paper 807 

W. P.. titles of papers U4, 115 

Maxwell, F. B., A comparative study of the roots of Rannnculacese 817 

Meehan, T., The significance of cleistogamy 811 

Meetings, A, A. A. 8 xx 

■ and Officers of the Association xxi 

of Geologists and Naturalisto xir 

Members xxxviii 

and attendance at meetings :.... xx 

— ^ deceased xoiy 

Membership, table of. .* 867 

Mercer, M. C, Pebbles chipped by modern.Indians as an aid to the stady of 

the. Trenton gravel implements 887 

Merriman, M., title of paper 63-80 

Merritt, E., Note on the photography of the manometric flame, and the analy- 
sis of vowel sounds AS 

Mesabi iron ore 170 

Miles, BI., Heredity of acquired characters 202 

Mooily, R. W., title of paper 208 

Moore, B. B., President Local Committee, Address of welcome 841 

IL, Concerning a congruence-group of order, StiO contained in the 

group of linear fractional substitutions (B 

Moorebead, W. K., The ruins of southern Utah 891 

Singular copper implements and ornaments fh>m the Hope- 
well group. Boss county, Ohio 281 

Morainicdrirt In New Jersey 175 

Morley and Rogers, report on research 853 

Multiple cylinder engines 138 

Municipal ownersliip of gas worlcH 148 

National flower 888 

Nichols, E. F., The absorption spectra of certain sultstances in the IntVa-red 83 

^— -~ E. L., The distribution of energy in the spectrum of the glow-lamp... 83 
Noyes, W. A., Di-ethyl-curbinamin and its conduct towanis nitrons acid... xxxlx, 109 

An effective condenser for volatile liquids and for water-analysis 108 

Officers elected for 1893 xTiif,860 

Madison Meeting XTiii,800 

-^ and Meetings of the Association xxi 

Rocliester Meeting xi 

of Section A 18 

B 08 

C 98 

1> 124 

E 148 

•^ 188 

H 238 

■I 800 
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INDEX. 877 

Pass 

OliTer, C. E^ title of papor' 90 

SooM dilBcolties in the Lasage-Thomson graTiUtioii4heory $$ 

Omaha ScientiJic Association, iBTitation from S» 

OrndorC W. K., On tlie d«compoeition of acetone with coDceatrated sulfuric 

arid 1€9 

PaljBolilhic implemenu of tbe apper lltssiMippi ISO 

Paleobotan J of the jellow graTel at Bridgeton 177 

Parasitiftm, interesting case of. SOI 

Pammell, L. H^ Utie<$ of papers SSS 

Patrons xxxTiit 

Peabodj Mo^eam Uondoras expedition t71 

Peach yellows S4,ii$ 

Pear flowers, fertilization of. 219 

Pebbles chipped by modem Indians 987 

Permanent Secretary <t5, 347 

— ^— casta account 968 

report- 964 



statistics of the meeting SG9 

Pbaseolas, %bactennm of. 991 

Phillips, A. W., Models and machines for showing curres of the third degree 36 

Pipestone quarries of Minnesota 277 

Plants, adaptations to external eoTironment 916 

Pieoftpora of Tropaeolom majus 991 

Polsrimetric observation at low temperatures 113 

Preglacial drainage of Illinois and Iowa 176 

Prehistoric earthworks of Henry county, Indiana 986 

objects from the Whitewater yalley 98S 

trade In OnUrio 990 

Prescott, A. B.. Address 1 

—^^ ; — The lodomercuratea Of organic bases Ill 

President 8S7. S45 

Presidential address 1. 946 

Primitive number systems 970 

ProDuba, maxillary tentacles 196 

Psychological inquiries 991 

Publications 867 

Putnam, F. W 961 

The Pen body Museum Honduras expedition 971 

reportof Permanent Secretary 964 

titles of papers 907 

Rannnculaceae, study of the roots 917 

Ranunculus repens and its allies 919 

Rattlesnake parasite 901 

Redding, T. B., Prehistoric earthworks of Henry county, Indiana 985 

Religion of the Iroquois 984 

Report on the American table at Naples 998 

of committee on international congress of anthropology 997 

General Secretary 8S7 

the latitude committee 840 

Reporto of committees 116,997,847,849.800,851,859,858,804 

Research Aind, grants from..... 856 

Resolutions of thanks.. 868,868 

Retiring President, Address 1 

Riley, C. V., The fertilization of the llg and caprification 914 

— »— tUleofpaper 809 

Rochester Academy of Sciences 858 

— — meeting, council xii 
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Rochester meeting, local committee ', xflf 

officers zl 

Rock salt, silvite and fluorspar, dispersion of radiations of great wave length 85 

Rogers and Morley, report on research SOS 

W. A., titles of papers 6S, I4S 

Rosa, E. B., Further experiments on the specific inductive capacity of eleetro- 

lytefl 84 

Rosebrugh, A. M., title of paper : 146 

Ross, E. A., The standard of deferred payments 396 

Roth, F., titleof paper 828 

Rowlee, W. W., The lootvsystem of Mikania scandensL 217 

title of paper 237 

Rubens. H., On tlie dispersion of radiations of great wave length in rock salt. 

silvite and fluorspar • 8S 

Russell* H. L., Bacteriological investigation of marine waters and the sea* 

floor 92S 

— Non -parasitic bacteria In vegetable tissue 222 

Saflbrd, T. H., Leant square fallacies 57 

titleof paper 66,64 

San Francisco, Invitations from 656,357 

Salvation army, statistics ; 835 

Saville, M. H., Explorations on the main structure of Copan, Honduras 271 

Vandalism among the antiquities of Yucatan and Central 

America 276 

Sohweinitz, B. A. de, The Enzymes or soluble ferments of the hog-cholera 

germ Ill 

— The production of immunity in guinea pigs from hog 

cholera by the use of blood serum fk*om immunized 

animals 201 

Scoville, S. S., Observations upon Fort Ancient, Ohio 290 

Section A, Officers 16 

B 66 

C 92 

D 124 

E 148 

F 1H2 

H 288 

I 800 

Seed, to increase the yield 226 

Sierra Nevada, California flora 218 

Smiley, C. W., Some statistics of the salvation army. 835 

Smith, B. F., On the value ot superphosphates and muriate of potash in the 

treatment of peach yellows 226 

On the value of wood ashes in the treatment of peach yellows 224 

J. B., the maxillary tentacles of Pronnba 196 

Snow, B. W., On the distribution of energy in the spectrum of the arc 86 

^^— On the innra«red spectra of the alkalies 87 

On the dinperslons of radiations of great wave lengths in rock 

salt, silvite and fluorspar 85 

Spectra, absorption in the infra-red 83 

Spectro heliograph 56 

Springer, A., AddreBs 96 

Statistiosof Rochester meeting 862 

Steam economy of engines of screw ferry boat 136 

Stevens, W. LeC, An experimental comparison of ibrmulsa fbr total radia- 
tion between 15* C. and 110* C 87 

Stevenson, M. C, Tusayan legends of the snake and fluto people 256 
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stiles, C. W., On the adult cestodes of cattle and sheep 201 

Stoller, J. H., title of paper * 227 

Submarine valleys on continental slopes 171 

Sud worth, G. B., The eomparatUe influence of odor and color of flowers in 

attracting insects 216 

titleof paper ' 228 

Sngar-cane, elfectof fertilizers upon Juice g 112 

Swinburne, T. T Sff2 

Talbott, L. O., A few psychologicalinqniries 29i 

tiUeof paper *. 115 

Teiminal moraines In NewBngland 178 

Texas, Cenoxoic beds 177 

Thanks voted 882,368 

Thomas, B. F., address 67 

Thwing. C. B., title of paper 90 

Timberi bending tests of. 1 139 

Todd, D., title of paper 64 

P., litleof paper 90 

Towneend,C. P., Note on the elfect of fertilizers upon the Juice of the sugar* 

cane 112 

Trenton gravel implements 287 

Trimethyl-xanthln-nnd Us derivatives 107 

TropsBolum mnjns, pleospora of. 221 

Trowbridge, W. P., deceased 366 

Tuckermnn, A., title of paper llff 

Tu say an legends of the snake and flute people 266 

Tuttle, A. H., An interesting case of parasitism 201 

Report upon the proposed biological station at Jamaica 229 

Underwood, L. M., Preliminary comparison of the Hepatic flora of boreal 

and sub-boreal regions 219 

Upham, W., Submarine valleys on continental slopes 171 

Utah, ruins in 291 

Vasey, G., title of paper 228 

Vegetable tissue, non-parasitic bacteria in 222 

Vice President Eastman, Address 17 

- Gage, Address 188 

— Holmes, Address 239 

— Johnson, Address 126 

— Springer, Address 9$ 

— Thomas, Address 67 

— Ward, Address 801 

— Williams, Address 149 



Vision, persistence of 81 

Voltaic cells, normal and strained metals 82 

Vowel sounds, analysis of and photography 82 

Ward, L. F., Address 301 

Elected Vice President 845 

Waite, M. B., The fertilization of pear flowers 212 

Warner, J, D., titles of papers 64 

Webb, J. B., Bending tests of timber 189 

Weed, H. E., title of paper 202 

Whitman, F. P., On the constancy of volume of iron in strong magnetic 

fields 88 

titleof paper 90 

Wiley, H. W., A method of polarimetric observation at low temperatures 118 

Some points in connection with the composition of honey 112 

Williams, H.S., Address 140 
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Wilson, D., deceased 866 

W. P., Adaptations of plants to external environment 216 

Winchell, N. H., Some problems of the Mesabi Iron ore 176 

Wood, de v.. Negative epeciflc heat 142 

Woodward, R. S., titles of papers 64, 146 

World's Golumbian Exposition, Committee to confer with 361 

Congress Auxiliary 348 

Wright, A. A., Extra-morainic drift In ^ew Jersey 176 

Toung Men's Christian Association, Reception by S46 

Yucatan and Central America, Tandalism among the antiquities of. 276 
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